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ABSTRACT
ABSTRACT 
A TECHNICAL STUDY OF THE ALLOY COMPOSITIONS OF ‘BRASS* WIND 
MUSICAL INSTRUMENTS (1651-1867) UTILIZING NON-DESTRUCTIVE 
X-RAY FLUORESCENCE.
by Alice Louise Bacon
This thesis represents a new interdisciplinary approach to the conservation, 
care and curatorial study of ‘brass’ wind musical instruments. It attempts to 
combine metallurgical, chronological and historical aspects for a selection of 
instruments. The research consists of the systematic study of seventy-seven 
musical instruments, by known makers, using standardised non-destructive 
energy dispersive x-ray fluorescence (XRF). Such compositional data are 
virtually non-existent for historical ‘brass’ instruments in Britain and what few 
technical data that do exist are sporadic in quantity and quality.
The development of brass instruments is interwoven with the history of brass 
making, but because there are a limited number of appropriate examples such 
links can be difficult to identify. This thesis describes the development of brass 
production from the cementation process to the commercial production of zinc 
and modern brass. Its relationship to the musical instrument industry in Britain is 
linked with historical evidence. It will be shown that innovation and known 
historical metallurgical achievements are reflected in the compositional changes 
of the alloys used for musical instruments. This thesis focuses on specific 
named brass wind musical instrument makers.
This thesis sets out to investigate the extent to which a single analytical 
technique such as non-destructive analysis utilising XRF could be useful in the 
curatorial and conservation care of musical instruments. The results of the 
analyses revealed new aspects to the use of metals for making musical 
instruments. They give new information on approximate alloy compositions and, 
in particular, the results have shown that in the seventeenth-century in England,
ABSTRACT
a ternary alloy of copper/tin/zinc was used, and that it was, perhaps, only 
superseded by brass (copper/zinc alloy) in the eighteenth century. It has been 
possible to arrange the results into a chronology of alloys particularly reflecting 
the change from the use of cementation brass to the direct method for making 
brass. By this means it is possible to postulate a date for the composition of a 
musical instrument of unknown maker and date.
The idea for this thesis originated in the Horniman Museum, London, where the 
author of this thesis is Head of Collections Conservation & Care. However this 
study is augmented by instruments from other institutions. In this manner it has 
been possible to construct a chronology from the earliest inscribed and dated 
instrument by Augustine Dudley in 1651 to the demise of Charles Pace’s small 
craftsman workshop in 1854 and his death in 1867.
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CHAPTER 1. INTRODUCTION
This thesis represents a new approach to the conservation, care and curatorial 
study of ‘brass’ musical instruments. It attempts to place a selection of 
instruments into a systematic and standardised metallurgical, chronological and 
historical context. The research consists of the systematic study of a series of 
musical instruments, by known makers, using analysis by standardised non­
destructive analytical methods. Such information has been virtually non-existent 
in Britain and what technical data does exist are irregular in quantity and quality.
The development of brass instruments is interwoven with the history of brass 
making, but because there are a limited number of appropriate examples such 
links can be difficult to identify. This thesis describes the development of brass 
production from the cementation process to the commercial production of zinc 
and modern brass. Its relationship to the musical instrument industry in Britain is 
linked with historical evidence. It will be shown that innovation and known 
historical metallurgical achievements are reflected in the compositional changes 
of the alloys used for musical instruments. This thesis focuses on specific 
named brass wind musical instrument makers.
The idea for this thesis originated in the Horniman Museum, London, where the 
author of this thesis is Head of Collections Conservation & Care. It is 
augmented by instruments from other institutions. In this manner it has been 
possible to construct a chronology from the earliest inscribed and dated 
instrument by Augustine Dudley in 1651 to the demise of Charles Pace’s small 
craftsman workshop in 1854 and his death in 1867.
7. 7 .Background
At times, the act of preserving an object in the condition in which it arrives in the 
museum is not wholly satisfactory. Musicologists and conservators want to be 
able to identify what parts of instruments are repairs, additions, or alterations, 
and when such intrusions happened. Modern makers attempting to replicate
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early brass wind musical instruments need to be able to measure the 
construction details as precisely as possible, in order to recreate as close as 
possible the original authentic sound and style of an instrument. They need to 
know the precise internal and external diameters of tubes, depths of sleeve 
joints and jointing methods. They also need to know what metal compositions 
were used and whether such materials were critical.
Even after intensive visual and microscopic investigation of an historical musical 
instrument certain technical questions frequently remain. Was the original 
maker attempting to achieve a certain sound by means of the design of the 
piece or the selection of the metal alloy? Did the maker have a choice in the 
selection of the metal he used? Who made additional technological changes? 
Has the instrument been taken apart and reassembled? When was a repair 
carried out? These are all important questions, answers can be obtained for 
individual instruments, but it is more difficult to generalise or view historical or 
international trends. Maquet suggests that ‘reading objects by means of 
inference is a valid and fruitful method if we accept its limitations’ (Maquet 1993, 
33).
In reviewing the information available for identifying or comparing metal 
compositions three factors became apparent: one, there was little analytical 
information, two any historical compositional information would have to be 
sought elsewhere, and, that three the economical climate of the period would 
also have to be taken into consideration.
1. In Britain there is little or no metallurgical information available on brass 
musical instruments. Apart from isolated cases, such as the Museum of London 
(Billingsgate) trumpet (Lawson and Egan 1988; Lawson 1991), and the 
Riedloker trombone (Murray and Myers 1998), there has been no previous 
systematic analytical study in Britain of the primary materials of brass musical 
instruments.
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The Billingsgate trumpet was uncovered during a post-excavation watching brief 
on the site of the former Billingsgate Lorry Park that was once within the 
Thames foreshore. The find could be dated to the fourteenth century and in 
John Webb's opinion is the oldest surviving specimen of this style of trumpet 
(see Figure 1.1; Webb 1988). Analysis was carried out by the British Museum 
Research Laboratory (BMRL) which showed the metal composition to be mainly 
brass, but that the repairs and alterations were of a ternary alloy of 
copper/tin/zinc.
FIGURE 1.1 TRUMPET. MUSEUM OF LONDON (BWB83r3351<225»
An almost complete trumpet was recovered from the wreck of the royal Swedish 
Flagship Kronan (sunk in battle in 1676 outside Oland in the Baltic Sea). The 
trumpet was made by, and inscribed, Michael Nagel, Nurnberg, 1654 (Kalmar 
Ians Museum No. 1778; Karp 1986, 95). No analysis has been carried out, but 
because of the precise attribution of the instrument, and the information already 
known about Michael Nagel’s working practices, brass would be a reasonable 
interpretation of the alloy used (Hachenberg 1999 and 2002). However a 
mouthpiece found during the Caerwent (Venta Silurum) excavations 1899-1912 
and believed to be from a Roman cornu has been variously described as 
copper, brass or bronze, but without any analytical clarification (Smithers 1989).
Kingery (1995) has demonstrated that there is an intimate relationship between 
metallographic structure and physical properties and cultural choices. Material 
science can provide some evidence to characterise that relationship. However, 
to date, intensive investigations into the material composition of a musical
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instrument has relied on other factors. These factors are the art historical design 
of the instrument, a player’s knowledge of the behaviour of a ‘brass’ instrument, 
historical references to such instruments, including pictorial representations 
showing how they were played, and to some extent the technology employed 
(Halfpenny 1969; Bowles 1989; Barclay 1992). For example, a new valve 
system could well be inserted into an old wind instrument, or a natural trumpet 
converted to a slide trumpet (see Vol. 2 Figure F.11 Trumpet by John Harris, 
RCM189).
2. There is little or no historical information on the composition of musical 
instruments, but the archaeological record can provide fundamental 
comparative information. Systematic studies have been carried out on the 
composition of other types of archaeological and historical brass objects. For 
example Mitchener et al have studied tokens called jetons, which can all be 
dated, manufactured in Nuremberg, Germany from the fifteenth to nineteenth 
centuries (Mitchener, Mortimer and Pollard 1987). Riederer has examined 80 
brass objects (mainly church brasses) from the Vischer foundry in Nuremberg 
(Riederer 1983). These pieces covered the period 1457 to 1556 and, similar to 
the Nuremberg jetons previously mentioned, provide a sequence of 
chronological results. The results from these studies are important because all 
brass workers in Nuremberg were obliged by decrees of the city council to 
process Nuremberg brass exclusively. Hachenberg (1999) showed how 
appropriate data from the jetons could be in establishing the quality and 
chronological framework of the analytical work he had carried out on ten 
musical instruments made in Nuremberg.
3. There is little international context and economic climate specific to the 
manufacture of ‘brass’ for musical instruments. The source of brass over this 
period is variable but primarily derives from Europe (Craddock et al, 1990). As 
will be shown, the above mentioned researchers Hachenberg (1999) and 
Riederer (1983, 2002) have carried out systematic analysis of copper alloys, 
particularly brasses. However extrapolating their results to the English context is
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difficult because the primary source of English brass is different and less well 
documented. Also most of the studies mentioned have concentrated on the 
brass alloys. Analysis carried out for this study identified the use, in England, in 
the seventeenth century, of an alloy of copper and tin with some zinc for making 
musical instruments, not brass, which made much of their work useful, but not 
always relevant. Cameron’s work on monumental brasses, discusses the use 
of ternary alloys of copper/zinc/tin (Cameron 1974, 225-230), Mitchiner et al 
came across the alloy when examining jetons made in France and the Low 
Countries (Mitchiner et al 1988, 118), and Brownsword and Ciuffini report on 
three candlesticks made of ‘latten’ dated to the fifteenth and sixteenth centuries 
(Brownsword and Ciuffini 1988, 115).
It was felt that little progress could be made towards answering general 
questions without a systematic technical study of a specific set of musical 
instruments, based on an in-depth knowledge of their makers over a known 
period of time and cultural context
1.2. Provenance o f Musical Instruments
The survival of a copper alloy musical instrument owes much to the personal 
attachment a player or collector feels towards their instruments. Instruments 
from the early period were highly regarded for their ‘pleasure to the eye as well 
as the ear’ (Hipkins 1888). Hipkins claims that his book Musical Instruments 
Historic. Rare and Unique is unique because it describes the grace and external 
charms of musical instruments. Beautifully illustrated in colour by William Gibbs, 
one of the exquisite drawings is of the William Bull trumpet (A23580), now in the 
Museum of London (see Vol. 2 Figure F. 9). This same trumpet and the horn by 
William Bull (14.5.47/307), now in the Horniman collection (see Vol. 2 Figure 
F.10) were exhibited as prime examples at public exhibitions such as the Royal 
Military Exhibition in 1890 and the South Kensington Exhibition in 1895.
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Nevertheless, others may see an old instrument primarily as a source of metal 
for recycling rather than as an item of intrinsic value, it is a continued source of 
wonder that instruments, particularly from the early period have survived at all.
David Eveleigh, curator at Blaise Castle House Museum in Bristol has carried 
out extensive research into brass and brassware cited in wills (Eveleigh 1995 
and in a personal communication 2000). Items such as brass kettles, 
candlesticks and copper cooking pans frequently appear in inventories in the 
seventeenth and eighteenth centuries, but to date he has no examples of 
musical instruments. Research for this thesis into the wills of the makers in 
question, and their families, show no instruments being ‘passed on’ either as 
family memorabilia or for their value. Michael Fleming during the course of his 
PhD work into the Design of English Viols, scrutinised the contents of over 
6,500 wills and inventories and found that items such as virginals, organs and 
viols were often listed, but not ‘brass’ instruments (Fleming 2000).
The musical instrument that ends up in a museum collection (or a private one) 
has often sustained repairs or alterations. Prown (1996, 25) suggests that ‘an 
artefact is the product of a particular historical context -  of particular makers 
using particular tools in a particular place at a particular time’. However a 
musical instrument, as evidenced by those at the Horniman Museum and in 
other collections, will almost certainly have been excessively polished, cleaned, 
played, repaired and even altered throughout its existence. Attempting to trace 
back the history of ownership of an instrument is fraught with difficulties but 
could help to identify why certain changes were made.
1.3. The Musical Instruments and the Makers
The Horniman Museum has a rich and varied collection of musical instruments 
from around the world. The collection is a Designated Collection. ‘Designation 
identifies and celebrates pre-eminent collections of national and international 
importance. It recognizes that museums with Designated collections care for a 
significant part of England’s cultural heritage’ (Poston and Taylor (eds) 1999,
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Entry 13). There are some 8000 objects of which 20% are classified as 
European Art Music (classical music) instruments (Horniman Museum 1974). 
The collection was further enriched by the donation, in 1947, of some 320 wind 
instruments by Adam Carse, in remembrance of his son Edward Adam Carse 
killed in action in Germany in 1945. Adam Carse was a collector, historian, 
composer and musicologist who published on orchestral instruments (Carse 
1939). His collection is exclusively European with the brass wind instruments 
forming an important component (Horniman Museum 1951).
This research deals with musical instrument makers William Bull ca. 1650-1712, 
Nicholas Winkings ca. 1720-1768, and the Pace family Matthew, Charles, 
Charles Matthew, and Frederick (1) and Frederick (2) who were active from 
ca. 1790-1867. All these makers are represented in the Horniman collection, but 
the research is augmented for the seventeenth and eighteenth centuries by 
analysis carried out on musical instruments made by Augustine Dudley 1617- 
1707, Simon Beale ca. 1620-1695, John Harris ca. 1672-1731, John Christopher 
Hofmaster 1700-1764, and George Henry Rodenbostel ca.1700 -ca.1790.
These are mainly to be found in collections such as the University collections in 
Oxford and Edinburgh, or in Museum collections such as the Museum of 
London and the Castle Museum, Norwich. For the Pace family there are many 
examples in private collections as well as Museums and Universities. Appendix 
D lists all the locations of instruments that could be identified, to date, for each 
maker as well as including those used as part of this study.
For the first time, as a result of this study; all the known surviving inscribed and 
dated seventeenth century musical instruments in Britain have been examined 
and composition now determined by XRF.
Much time has been spent investigating the makers to attempt to identify their 
workshops and to put their lives and work into a historical and economic 
context. To follow Prawn’s assessment, we can improve our understanding of 
the significance of any piece of collected material culture if we understand the
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processes that brought it to a particular place at a particular time (Prown 1996, 
25). New genealogical information has been acquired. For example Nicholas 
Winkings’ country of origin, previously unknown, has been established as 
Germany, and there is further evidence that he could have come from the city of 
Bremen. In the case of the Pace family, the fact that different male members 
had the same Christian name has led to confusion over the attribution and 
therefore dating of the musical instruments they produced. Their identities have 
now been clarified. The genealogical research has been carried out mainly in 
archives such as the Public Record Office at Kew, The Westminster City 
Archives, The London Metropolitan Archives, The Family History Centre, and 
The Society of Genealogists. Detailed biographical information for each maker 
is provided in Appendix C.
In June 2000 the author gave a paper on William Bull at a conference in 
Limoges, France, It was a summary of his working methods with a report on the 
non-destructive analysis of his instruments by X-ray fluorescence. The paper is 
reproduced in Appendix A.
1.4 Technical Information
The few published analytical data are ad hoc for individual instruments and 
lacking a coherent interpretation. The results that do exist have all been carried 
out on different types of analytical equipment and without inter-laboratory 
comparisons. X-ray fluorescence and atomic absorption spectroscopy have 
been the most common techniques used. This has involved either sampling the 
instrument or taking a surface reading. The degree of precision and the 
calibration standards used are sometimes unclear, which makes comparative 
interpretations difficult (Chase 1974,149; Leese 1981, 127).
Mitchener et al clearly state their analytical method (1987,123) for the 
examination of the over one thousand Nuremberg jetons found in the Thames. 
Brownsword et al (1983 and1988) looked at candlesticks and steelyard weights 
amongst other things, but do not give details of the methodology used. Similarly
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Cameron’s work on English monumental church brasses acknowledges the 
people and the laboratories that carried out the analysis but not the method. His 
work has been continued as a pilot study by Northover et al, but is not complete 
and therefore is not published (Northover personal communication 2000).
More recent work has been carried out to place the use of Chinese nickel brass, 
called paktong, and the later European imitation called german silver, into a 
chronological framework, based on decorative metalwork which could be dated 
(Gilmour and Worrall 1995; Pinn 1999). This work has been of great interest in 
the attempt to place in a chronological order the nickel brass components on 
the nineteenth century instruments examined as part of this study.
It appears that, prior to the mid-eighteenth century, much of the brass imported 
to England probably originated in Europe, particularly in the region of 
Stolberg/Aachen (Anon 1712; Aitken 1866; Hamilton 1926; Day 1990). Part of 
the research in Chapter 5 will consider the history and possible source of supply 
for brass in England, particularly in the seventeenth and eighteenth centuries, 
and will attempt to place the musical instruments in context.
Since Hamilton’s The English. Brass and Copper Industries to 1800 was 
published in 1926, the study 2000 Years of Zinc and Brass (Craddock (ed)
1990) is the first comprehensive international technical history of the production 
of zinc and brass. It still stands as one of the few conference proceedings in this 
field. Since its publication, progress in this area has remained somewhat 
sporadic (Young et al (eds) 1999; Hook and Gaimster (eds) 1995) and it is very 
difficult to determine international trends.
The general misuse, even today, of the terms ‘copper’, ‘bronze’, ‘brass’, ‘latten’, 
‘gunmetal’ must be taken into consideration when investigating the metal alloys 
used in the past, particularly when examining historical records. For example 
the words ‘brass’ and ‘bronze’ have been used indiscriminately. It is difficult to 
pinpoint exactly when the word ‘bronze’ for an alloy of copper and tin became
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current in England. It appears to derive from the Italian ‘bronzo’ (Biringuccio 
1540, 210) and becomes more common in England from the end of the 
eighteenth century onwards. Researchers such as Bayley (1990) and Wilthew 
(1996) have attempted to clarify the situation and their point of view and those 
of others is covered in Chapter 4.
1.5. History and Source o f Brass
Chapters 4 and 5 set the historical and economic scene in England which 
progresses from the execution of Charles I in 1649 through the reigns of a 
further ten monarchs ending in 1867 during the reign of Queen Victoria. The 
metallurgical and technological advances during this time were immense. 
Industrial smelting of zinc and the ‘modern’ direct method of producing brass 
superseded the cementation process for brass. The use of silver for ferrules 
and garlands gives way to an alloy of copper, zinc and nickel commonly called 
‘Paktong’ or ‘German silver’. With the further development of industrial 
processing of nickel in the mid-nineteenth century, nickel-plated instruments 
become possible. Authors such as Hamilton 1926;Tylecote 1976; Craddock 
(ed), 1990; Singer et al, 1957,1958, and Agricola 1556, also provide information 
on the history of metallurgy.
Identification by XRF of techniques such as plating has presented certain 
interesting sidelights. In particular the use of nickel where the metal could be 
present in three different forms: as nickel plating; as a cupro-nickel alloy, or, as 
a ternary copper/zinc/nickel alloy commonly called ‘German silver* or in its 
earlier form Chinese ‘paktong’ (Gilmour and Worrall 1995).
1.6. Development o f Musical Instruments
Musical instrument technology also developed. Morley-Pegge (1960); Galpin 
(1965); Baines (1972, 1976, 1992); Bate (1972); Herbert and Wallace (1997), 
are among many who have contributed to our knowledge of the changing nature 
of musical instruments. The hunting horn, slide trumpet and cornet of the 
seventeenth and early eighteenth centuries, the mainstay of musicians at court
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and in orchestra, gave way to a succession of developments. These could be 
said to really have begun at the end of the eighteenth century, and at the 
beginning of the nineteenth century with the invention of the keyed bugle 
(Dudgeon 1983). Subsequently, by the nineteenth century, musical instruments, 
particularly wind instruments, evolved at a tremendous rate (Galpin 1965; 
Baines 1976; Herbert and Wallace 1997). The Pace family ‘palette’ of musical 
instruments reflects this surge in design development (see Chapter 11).
The Great Exhibition of 1851 (where the Pace family also exhibited) awarded 
medals for some ‘ important novelty of invention or application’. In their 
introduction to the Musical Instruments in the Great Exhibition of 1851. the 
Mactaggarts make the wry comment that medals were granted to exhibits that 
today appear more ingenious than practical, and that the exhibition attracted 
many ‘way out’ ideas (Mactaggart 1986, 8). A cartoon by Francis C. Clarke in 
Talks with Bandsmen (Rose 1895; see Figure 1.2) suggests how the 
elaboration of tubes, crooks and valves had reached comical proportions. 
Twentieth century musicologists, such as Galpin (1965), also comment that 
some designs were so ludicrous as to be unplayable.
1.7. Destructive and Non-destructive Technical Examination
Musical instruments are produced in a workshop environment where scrap 
copper alloy often could be recycled. Consequently, the number of musical 
instruments that survive to the present day is of interest in the interpretation of 
the results of the technical investigations proposed by this thesis. For example 
there are only five instruments surviving from William Bull’s workshop, and of 
these, two are silver, and only three are copper alloy. All three of the copper 
alloy instruments pose interesting problems regarding alterations and alloy 
compositions. The question might be asked ‘how can such limited analyses aid 
the musicologist and conservator in unravelling the sequence of events and 
interventions to an instrument, and, where few musical instruments survive, can 
the information be placed in any coherent statistical context? One must assume
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TAKEN FROM TALKS WITH BANDSMEN BY ALGERNON ROSE (1895)
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that these instruments must be representative, but their survival alone may 
represent a significant bias in the methodological approach to this study. 
Notwithstanding, the context and survivability of each instrument has been 
assessed.
The most destructive example of analysis was performed in 1796 by George 
Pearson, a Fellow of the Royal Society of London. He carried out experiments 
on a Roman musical instrument called a Lituus to determine its chemical 
composition. The instrument belonged to Sir Joseph Banks ‘whose zeal for 
science induced him to sacrifice them [there was more than one antiquity 
involved in the experiments] to chemical analysis’. The total destruction of the 
Lituus melted down into measured ingots did provide Pearson with the material 
to assay the metal and identify it as a copper/tin alloy (bronze) in the 
approximate proportion 1:7 (Pearson 1796, 429).
However this is not an approach that would be looked on with any favour today 
and, adhering to the modern conservation principle of minimal intervention and 
preservation of the integrity of the specimens (Barclay 1989, 102; Paine 1995), 
the other extreme is non-destructive methods of analysis.
In 1972 Philip Bate wrote ‘Of course, we can today determine these [the 
composition of older brasses] by a process of destructive chemical analysis, but 
few possessors of cherished old instruments are willing to sacrifice even 
scrapings for such a purpose. Recently a non-destructive method of analysis 
making use of fast neutron bombardment has been successfully applied, but 
unfortunately the necessary facilities are available to very few musical 
researchers’ (Bate1972, 186).
Since these times advances in analytical techniques have meant that metallic 
objects can be examined in a wide variety of ways, but there are still a limited 
number of systems which allow for non-destructive sampling of the surface of 
an object the size of a musical instrument, and the equipment is still not readily 
available.
Musical instruments have been altered, repaired, and patched in the past often 
with no compunction about dismantling instruments in order to examine or to
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restore them. However, among museums and private collectors there is a 
general understanding that holes should not be deliberately made in historical 
instruments while they are still in some form of playing order, the concern being 
that any such intrusion into the instrument could affect its playability and sound 
(Bate 1972; Barclay 1999). Whilst in some circles this is debatable, it is in 
keeping with modern conservation philosophy, where the integrity of the object 
is paramount (Paine 1995, 18-20). One of the main aims of this study is to 
investigate and use non-destructive techniques that could enable new and 
worthwhile information to be collected (Killick 1996).
Two types of technique allow for qualitative, semi-quantitative, and quantitative 
non-destructive surface examination and analysis of large objects: x- 
radiography for images and x-ray fluorescence for composition.
1.8. X-radiography
Use of imaging by x-radiography of historical objects is well understood (Lang 
and Middleton 1997) and succeeds in answering many of the technological 
questions posed by modem day makers of replica early wind instruments 
(Awouters, 1978/79 and 1994; Gatti and Belloni [1994]). It is now possible to 
identify the changing nature of the diameter of tubes and to show up repairs and 
additions. X-radiography also shows up solders, brazing, jointing, and the 
accretions that accumulate on the inner surface of tubes. It can reveal working 
marks and methods of manufacture, such as pleating at the bend of a tube, not 
smoothed out properly in the finishing.
X-radiography, however, cannot answer questions on the composition of the 
alloys used in the manufacture of musical instruments, or their method of joining 
whether by soldering or brazing. The loss of information over the years through 
jointing alloys/mediums being removed or replaced in order to dismantle an 
instrument must be acknowledged and taken into account (see Chapter 13 
Case studies).
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1.9. X-Ray Fluorescence (XRF)
To identify approximate compositions of different components of the 
instruments being studied, non-destructive analysis was primarily carried out 
using Energy Dispersive X-Ray Fluorescence, called EDAX or more commonly, 
for the purposes of this study, XRF. This method of analysis was selected 
because it is a ‘free standing’ system that allows a complete instrument such as 
a bugle or trumpet, which should not, or cannot, be broken down into smaller 
components, to be examined (see Figure 1.3). The method is non-destructive 
because the x-ray beam utilised to ‘excite’ the metal atoms can act upon 
surface alone, without leaving a mark or changing the nature of the metal 
beneath. A detailed explanation of how XRF works is covered in Chapter 8.
FIGURE 1.3. XRF SET UP AT RLAHA . OPHICLEIDE (105LAS) CHARLES PACE & SONS
There is a concern regarding the validity of results achieved by surface 
examination and composition alone. Apart from the difficulty in examining a flat 
surface, a musical instrument is blown through on the inside, and polished and 
cleaned on the outside. Each surface can suffer different types of deterioration. 
For example corrosion effectively ‘lowers’ measured values of copper, but 
relatively raises measured values for tin. However it will be shown in Chapter 9 
that, as historical instruments, they have not been subjected to extremes of 
deterioration such as occurs during burial and the results are encouraging.
u
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Various publications such as those by Ferretti (1993) and Henderson (2000), 
articles by researchers such as Newman (1988) and Ferretti et al (1997), and 
PhD thesis’ such as that by Leese (1981) and Shugar (2001), are some 
examples of descriptions of how XRF works and its limitations. Craddock has 
also reviewed the thirty years of the use of XRF and its use in museums 
(Craddock et al, 1998). Aspects of this are also covered in Chapter 8, 
Standards.
Because of the nature of the instruments being examined and the fact that they 
are in museums or private hands, XRF equipment had to be sought near to the 
locations of the objects. In London at the Royal Armouries when it was based in 
the Tower of London (TOL) and the Victoria & Albert Museum (V&A), in Oxford 
at the Research Laboratory for Archaeology and the History of Art (RLAHA), 
and in Edinburgh at the National Museums of Scotland (NMS). In addition 
Electron Probe Micro Analysis (EPMA) has been carried out at the Institute of 
Archaeology, University College London (IOA). All these aspects are discussed 
in Chapters 7 and 8.
The full results from the analysis and the building up of a catalogue of analytical 
information is in Appendix F.
1.10. Calibration Standards
The results from XRF are comparative and set against calibration standards for 
quantification. Much time therefore is spent setting up the standards and 
calibrating the equipment. Examination by XRF is of the surface only, with the 
depth of the x-ray penetration depending on the kV utilised. Results are 
improved if the surface under inspection is flat and uniform. With musical 
instruments, one has to be aware of the possible effect of the curvature of bells 
and tubes and any surface deterioration. The area of analysis by the x-ray 
source can include an area of ca.10mm and can penetrate to a depth of 10-20 
microns. To ensure a comparative and standardised approach to the analyses, 
all calibrations used standard metal samples and the three brass alloys CZ101
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(red brass or gilding metal for decorative bell work), CZ106 (for making bells) 
and CZ126 (for tubes) used by modern instrument makers such as Andrew 
Taylor and Boosey & Hawkes. This aspect is fully discussed in Chapter 8.
Metallographic sections of these latter three standard reference materials have 
also been assayed as standards by the Electron Microscopy and Micro Analysis 
Group (EMMG) of the Department of Materials at Oxford University. This has 
resulted in a new set of brass standards for researchers to use for historic 
brass. The three Taylor samples have come to serve as the common 
denominators to check the comparability of the different pieces of equipment.
7.7 / . ‘Sacrificial’ Instruments
It has been possible to make metallographic samples from nine non-museum 
musical instruments dating from the early twentieth century. These are 
considered ‘sacrificial’ as they are already in a bad state of repair, are not 
playable without severe restoration, and therefore could be cut into to take 
samples (see Chapter 8). To comply with professional museum and 
conservation ethics the musical instruments, prior to analysis, were examined 
by the Keeper of Musical Instruments at the Horniman Museum, who also 
agreed to their use for this purpose. Several instruments (other than the final 
nine) were accepted into the museum collection and were not sampled.
The samples have been analysed in three ways:
• analysis by XRF of both surfaces of the cut sample.
• metallographic examination.
• microanalysis utilising the scanning electron microprobe (EPMA) equipment 
at the Institute of Archaeology, University College London (IOA).
These aspects are discussed in Chapter 9.
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1.12. Interpretation o f the Results
The XRF results give new information on ‘approximate’ alloy compositions.
This clarifies which alloys are involved whereas past identifications by 
musicologists and others may have been based on colour, form, and 
technological knowledge. Differences in the composition can support or negate 
arguments regarding replacement parts (Ferretti et al 1997, 241). In some 
cases it is possible to show that minor elements can help to determine if the 
same sheet metal compositions were selected for different components 
(Barclay 1997a, 71; Hachenberg 1999 and 2002). As mentioned previously 
new information has already been gleaned from trumpets made by Dudley and 
Bull always alluded to as ‘brass’ or ‘copper ‘, which have proven to be binary or 
ternary alloys of copper/tin or copper/tin/zinc (Bacon 2000b).
The results and their interpretation are covered in Chapters 11,12 and 13.
1.13. The Interviews
To document a contemporary appreciation of what the results of such analysis 
could mean, interviews were conducted with Andrew Taylor, a ‘brass’ wind 
musical instrument maker (Appendix B1), and Crispian Steele-Perkins, a 
leading player of early wind instruments, in particular trumpets (Appendix B2). A 
conversation also took place on 18 May 1999 with Rachel Bleach, Secretary to 
the Crystal Palace Band.
Taylor and Bleach both have views, which echo back to past traditions. The 
maker was concerned with the quality of the metal employed and the perceived 
‘workability’ of the sheet metal. The player was concerned with the ‘tone’ and 
the easy manipulation of valves and therefore ease of playing. As Hachenberg 
concluded in a paper he gave in Paris in 1999, the player is the final arbiter on 
how the instrument sounds, nevertheless the maker still needs to produce a 
good quality instrument at the outset (Hachenberg 1999, 16). As Barclay 
commented in a personal communication in 2002 (confirmed by email 2003) ‘ If
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you want to test the quality of an instrument don’t give it to a good player, give it 
to a journeyman. A good player will always make it sound good!’ Crispian Steel- 
Perkins, endorses this point of view. On being asked the question in interview, 
he very firmly said ‘yes’ (see Appendix B2, 287).
This interaction between maker and musician represents a most difficult part of 
this thesis research. Some aspects of the project can be measured, such as 
metal composition. Other physical properties can be inferred from composition, 
such as hardness and ductility and workability. Other musical and acoustical 
properties cannot be qualified. Acoustical measurements can be made (Drinker 
and Bowsher 1993; Pyle 1997), but over a period of time the choice of metal 
sheet reflects technological developments and economic constraints as well as 
cultural preferences (Barclay 1997a, 71).
1.14. Restraints on the Thesis
Funding was obtained from the Royal Commission for the Exhibition of 1851 
Fund, The Historical Metallurgy Society, The Institute of Archaeology, The 
Institute of Archaeometallurgy Studies, The Armourers and Brasiers, and the 
Horniman Museum. All analysis carried out at the different XRF locations had to 
be paid for and even with this strong funding support, it was not possible to 
carry out all the analyses one would have wished on any particular instrument. 
To be consistent analyses were always taken on the bell, garland, tube and key 
plate. This was to ensure an overall impression of the alloys used. In addition 
analysis was also carried out wherever possible, usually depending on 
accessibility, on solders, brazing and other parts such as mouthpieces.
Information on the musical instruments and their full tables of analyses are 
presented in Volume 2, Appendix F.
1.15. Summary
• Little progress could be made towards answering general questions 
without a systematic technical study of a specific set of musical
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instruments, based on an in-depth knowledge of their makers over a 
known period of time and cultural context. This had not been attempted 
before.
• This thesis set out to develop the methodology needed to investigate the 
extent to which non-destructive XRF could be useful in the curatorial and 
conservation care of musical instruments.
• This research has produced a new set of brass samples suitable as 
standards for researchers for identification of direct method brass.
• The results give new information on approximate alloy compositions by 
makers in England.
• It has been possible to arrange the results into a chronology of alloys 
particularly reflecting the change from the use of cementation brass to 
the direct method for making brass, from the late eighteenth century to 
the nineteenth century. By this means it is possible to theoretically 
postulate a general date for the composition of a musical instrument of 
unknown maker and date (see Chapter 13.3).
• The new, and unexpected, information gained from this study that a 
ternary alloy of copper/tin/zinc was used in the seventeenth century for 
making trumpets, could suggest an English tradition for using this 
material.
• For the first time, as a result of this study, all the surviving inscribed and 
dated seventeenth century musical instruments in Britain have been 
analysed.
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2.1. Introduction
Techniques for making musical instruments seemingly have not changed very 
much over the 200 years covered by this study. With a few exceptions most 
instrument parts are still made by hand. The advent of electricity for taking the 
‘grind’ out of actions such as hand finishing, and the hydraulic forming of tubing 
by Boosey & Hawkes Musical Instrument Makers after the Second World War 
(Boosey & Hawkes 1958, 3) are some of the few major technological 
innovations (see Figure 2.1). As Boosey & Hawkes state in their own publicity 
sheet ‘the grey-haired craftsmen in the green apron has not quite disappeared, 
but still works alongside the most modern engineering methods’.
FIGURE 2.1 BOOSEY & HAWKES HYDRAULIC PRESS FOR FORMING TUBES. A TRAY OF 
‘DIMPLED’ TUBES IS READY IN THE FOREGROUND
Detailed techniques for early instrument making are well described in Barclays’ 
book The Art of the Trumpet Maker (Barclay 1992), where he covers the 
‘classic’ period for trumpet making in fifteenth and sixteenth century Nuremberg, 
and in his more recent publication Making a Natural Trumpet (Seraphinoff et al
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2003). Other authors such as Young also include details of instrument making 
(Young 1947). Additional descriptions are found in numerous musical 
instrument journals, such as The Galpin Society Journal, and the Historic Brass 
Society Journal. Modern technologies such as those employed by Boosey & 
Hawkes are described in Sounding Brass (Boosey & Hawkes 1958), and in their 
‘Notes for Factory Tours’ (Boosey & Hawkes 2000).
As can be seen from the drawings of an early natural trumpet, a bugle and a 
valve trumpet in Volume 2 (Figures V2.1, V2.2, V2.3), there can be many 
different terms employed for the same part of an instrument. The terminology 
used for the purposes of this study is highlighted in italics in the text below.
Following conventions set by the Edinburgh University Collection Historic 
Musical Instruments (1998) components of all instruments examined in this 
study are numbered from the mouthpiece e.g. mouthpiece receiver, first yard, 
first bow, second yard, second bow (see Vol. 2, Figures V2.1, V2.2, V2.3). 
Multiple parts of instruments are also numbered from the mouthpiece e.g. Valve 
1, Valve 2, Valve 3, Key 2, Key 6 (see Vol. 2 Figures V2.1, V2.2, V2.3).
2.2 Bell making
The first step to making a bell is to create a template, often from sheet iron (see 
Figure 2.2a). The bell shape is then cut out of a sheet of brass or copper and 
formed around a mandrel made of wood or steel to get the basic shape (see 
Figure 2.2b). The required flare for the bell is then formed on an anvil or 
another sized mandrel, depending on the instrument being made. In some 
instruments a gusset is inserted into the bell (see Figure 2.3). This is particularly 
noticeable with the horns by Nicholas Winkings, where to allow for the wide 
flare to his bells he inserted an extra piece of metal (Vol. 2 Figure F.16).
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b) Mandrela) Template
c) Gusset
FIGURE 2.2 a-c THREE STAGES IN MAKING A BELL AFTER YOUNG (1947)
42
CHAPTER 2. MAKING MUSICAL INSTRUMENTS
FIGURE 2.3 BELL MANDRELS AT BOOSEY & HAWKES
A copper smiths join, metal smiths join, tabbed join, nipped tooth or stitched join 
(the terms for this method of joining are legion) whereby alternating overlapping 
tabs of metal are interlocked and brazed together, is used to seam the bell (see 
Figure 2.4).
FIGURE 2.4 INTERLOCKING TABS TO A BELL © EUCHMI (SERAPHINOFF et al 2003)
In this thesis the term ‘metal smiths join’ will be used. In the past, brazing was 
mainly carried out using a copper/zinc alloy. Today Andrew Taylor and Boosey 
& Hawkes tend to use a silver spelter, which is mainly copper and zinc, with 
some silver added (see Andrew Taylor Interview Appendix B1, 282).
Hand finishing with a hammer (see Figure 2.5), files and abrasives is common. 
Today bells are often turned on an engineering lathe for final shaping. The edge
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of the bell is often further strengthened by the inclusion of a piece of iron wire. 
On finished instruments this can be detected by the use of a magnet.
FIGURE 2.5 LEFT. HAMMERING A BELL © EUCHMI (SERAPHINOFF ET AL 2003) AND 
RIGHT. TURNING A BELL AT BOOSEY & HAWKES
2.3. The Garland
The garland is most commonly formed from a crescent shaped template, and 
the sheet metal wrapped into a truncated cone (see Figure 2.6). The shape is 
usually completed on the same mandrel as for the bell and matched up against 
the bell at regular intervals to ensure a close fit. The garland can also act as a 
medium for decoration and a location for the maker’s inscription, consequently 
they are often made of a different metal, for example silver (see Vol. 2 Figure 
F.5), or nickel silver (see Vol. 2 Figure F.36).
FIGURE 2.6 WALL DISPLAY AT BOOSEY & HAWKES SHOWING STAGES IN MAKING A BELL AND 
IN THE MIDDLE MAKING A GARLAND
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2.4. Tube making
The basic form of a wind instrument is an expanding profile tube. By vibrating 
the column of air within the tube, sound is produced. Most of the instruments in 
the ‘brass’ family consist of a simple tube comprising a large number of bends 
in order to fit varied lengths of tubing into a portable space (See Vol. 2 Figures 
F.17, F.37, F.75; Boosey & Hawkes 1958, 3;Tuckwell 1983, xv). However the 
layout of the tubing does not affect the tone (Tuckwell 1983, xv).
Before the advent of seamless extruded tubing in the 1850’s (Thomas Attwood 
took out a patent in 1850 and George Frederick Muntz in 1852) (Aitken 1866, 
104), all tubing was rolled from a flat sheet around a mandrel. Again templates 
could be used, or by calculation and long experience the appropriate width and 
length of metal for the required diameter of tubing could be obtained. However 
draw-plates were used to diminish the diameter of the tubing if necessary 
(Young 1947, 78). The tubing could then be finished on a mandrel. Bending a 
thin-walled tube of metal into a required shape often to more than 180°, without 
distorting the bore, is a difficult process (Munrow 1982, 65). To get round this, 
prior to bending to shape, pitch or molten lead is pored into the tubes and 
allowed to cool. Bending then can take place on wood formers (see Figure 2.7) 
and at the end of the process the lead or pitch can be melted out (see Figure 
2 .8).
FIGURE 2.7 LEFT ANDREW TAYLOR WITH WOODEN FORMERS FOR BENDING 
TUBES. AND RIGHT. BENDING A TUBE © EUCHMI (SERAPHINOFF ET AL 2003)
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In the case of current Boosey & Hawkes working practises and the use of 
hydraulic pressure, the tubes are slightly flattened (called ‘dimpling’) and then 
by introducing hydraulic fluid under regulated pressures into the tubes they are 
‘sucked’ into shape on formers in a hydraulic tube-forming machine (see Figure
2 .1).
FIGURE 2.8 HORN MAKERS WORKSHOP AFTER DIDEROT & ALEMBERT (1763) PLATE IV 
CHAUDRONNIER FAISEUR D’INSTRUMENTS DE MUSIQUE: FIG.1 SHAPING BRASS ON A
MANDREL FIXED TO THE WALL. FIG.2 ANNEALING IN THE FORGE. FIG.3 POURING MOLTEN 
LEAD INTO THE HORN PRIOR TO BENDING. FIG.4. BENDING THE TUBES. FIG.5. ANVIL
Prior to seamless tubing, tubing was butt seamed and brazed. For the purposes 
of this study the traditional word ‘yard’ is used for all the long tubing to the early 
trumpets. On all other instruments it is called tube or tubing (See Vol.2 Figures 
V2.1, V2.2, V2.3).
Tubes are joined to each other by narrowing the end of one so that it fits snugly 
into the next and then soldered, usually with a tin/lead solder. Ferrules were 
often used to cover joins or to act as additional support. These could be made 
plain or extremely decorative (see Vol. 2 Figure F.8). Early trumpets tend to 
have a ‘ball’ on the yards. Sometimes plain but often highly decorated (see Vol. 
2 Figure F.9), these do not physically join the yards together but tend to go over
46
CHAPTER 2. MAKING MUSICAL INSTRUMENTS
a series of joins to hide them (see Vol. 2 Figures F.8, F.9). These can be made 
out of sheet metal or cast.
2.5. Making other Parts (see Vol. 2 Figures V2.1, V2.2, V2.3)
The development of musical instrument design led to the utilisation of crooks, 
valves (with all their component parts), tuning slides and keys. Depending on 
the status of the instrument, they could be highly decorative and made of 
different metals from the main body of the instrument, such as brass or copper, 
silver and nickel silver. These could be made from sheet metal or tubing, such 
as the crooks, but other parts such as valves could be machined (in recent 
times for accuracy with a Computer Numerated Controlled (CNC) lathe which 
enables the positioning of each hole to be accurately reproduced every time), or 
cast (key plates and balls).
Mouthpieces are examined as part of this study if they are deemed to be 
original to the instrument. Mouthpieces are very individual items and are 
available in a great variety of different styles, shapes, sizes and weights. It is 
therefore a matter of the player’s personal preference which one he or she uses 
(see Appendix B2 Interview with Crispian Steele-Perkins, 293-294). 
Consequently most mouthpieces extant on musical instruments are not as 
originally provided. It would not be unusual to find a Boosey & Hawkes 
twentieth century mouthpiece on a nineteenth century instrument, or a 
seventeenth century German trumpet with a late nineteenth century nickel silver 
mouthpiece.
2.6. Finishing
All pieces are finished by polishing, either by hand or mechanically. Today 
Andrew Taylor uses a polishing composition supplied by Canning, Lipperts Ltd 
of Birmingham (see Appendix B1, 283). Boosey & Hawkes use barrel 
polishing. The parts are placed in a barrel and are first ground with a mixture of 
granite powder encapsulated in plastic. This is followed by a polishing media
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comprising wood chips and maize coated in polishing compounds (Boosey & 
Hawkes 2000). In the past tubes were pickled to remove black scale and flux 
residues and then burnished with a leather strap dipped in abrasive polish 
(Barclay 1992, 137,145).
In addition most ‘brass’ instruments are lacquered. Today because of Health & 
Safety regulations Andrew Taylor sub-contracts his lacquering, but he used to 
use a single oven pack resin from Premier Brass in Luton. Boosey & Hawkes 
have a special lacquering room that is out of bounds to visitors and non­
authorised staff. In the past shellac lacquers were employed and Aitken 
records a lacquer varnish consisting of seed lac dissolved in spirits of wine 
(Aitken 1866, 77)
2.7. Summary
This chapter is intended as an introduction to terms used for the parts that 
make up the construction of musical instruments (see Vol. 2 Figures V2.1, 
V2.2, V2.3). It is also intended to provide a brief review of techniques used in 
musical instrument making that have a bearing on the analytical results from 
the study.
What is evident from the above is that musical instrument making, even today, 
is a skilled hand crafted process. The two key elements important to this study 
are one that in the main musical instruments are made out of sheet metal, and 
two that they are cold worked with little annealing.
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CHAPTER 3. METALLURGICAL ASPECTS TO ALLOYS USED FOR 
‘BRASS’ INSTRUMENTS
3.1. Introduction
The main copper alloy used for making metal wind musical instruments is now 
brass. Brasses are copper-based alloys in which the main alloying constituent is 
zinc. There are over forty standard compositions for brass with zinc contents 
ranging from 5% to 40%. The addition of tin and lead or nickel can also modify 
the properties of the brass to suit it for a given purpose (Calicut 1996, 5).
Copper sheet metal was also extensively used throughout the period of this 
study, particularly in the eighteenth century for horns, and in the nineteenth 
century for making bugles. White metals, such as the nickel silvers play a key 
role in the nineteenth century for decorative elements and parts such as valves.
Copper alloy terminology and the problems associated with identifying terms 
used in the past will be discussed more fully later in this chapter, but for 
convenience a summary of current nomenclature is given in Figure 3.1.
ALLOY Cu% Zn % Pb % Sn % Ni % Ag %
Commercial Copper 99.5
Cartridge Brass 70 30
Stamping Brass 67 33
Clock Metal 67 32 1
Common Brass 63 37
Bronze -  statuary 90 3 1 6
Gunmetal 90 3 7-10
Latten 75-85 5-20 0-5 3-8
Bell Metal 75-85 (some) 15-25 (some)
Nickel Brass 60-65 15-30 10-20
Figure 3.1 Common names for copper alloys after (Bavlev 1991.13-17: Marvon 1971.304:
Cameron 1974. 229).
49
CHAPTER 3. METALLURGICAL ASPECTS TO ALLOYS USED FOR BRASS’ INSTRUMENTS
3.2. Brass -  structure and behaviour
Good ductility while cold working at room temperatures is one of the main 
properties that a musical instrument maker is exploiting. The copper alloys with 
maximum cold ductility are called ‘single phase alpha alloys’. The alpha brasses 
or cold working brass contain a minimum of 63% copper. At room temperature 
they are extremely malleable and suffer minimal distortion. They are typically 
used to make semi-finished products such as sheet or tubing. Consequently 
sheet and tube brass with up to 35% zinc contains all the working properties 
required by a musical instrument maker (Calicut 1996,16) (See Figure 3.2).
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forma bility600
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COPPER CARTRIDGE COMMON 
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FIGURE 3.2 PHASE DIAGRAM FOR COPPER/ZINC ALLOYS AFTER CALLCUT (1996)
Copper, and other metals, are crystalline substances in which the atoms are 
arranged in patterns, or lattices. On copper, nickel, lead and silver the atoms 
are evenly spaced and form a pattern referred to as ‘face centred cubic’. Other 
metals such as zinc are arranged in hexagonal patterns (Bailey 1965, 2). A 
combination of copper and zinc therefore can distort this regular effect as zinc 
atoms are 13% larger than those of copper atoms. Phases of alloying are 
usually designated alpha (a), beta ((3) and so on. In the a phase, low 
concentrations of zinc atoms substitute themselves to the copper lattice. Higher
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concentrations increase the distortion in the structure, lead to greater resistance 
to deformation, and the alloy becomes increasingly harder and more brittle 
(West 1982, 98). Zinc is dissolved in the copper to form a solid solution of 
uniform composition. When about 36% of zinc is present the pattern becomes 
unstable and a different form of lattice is created and the alloy moves into its (3 
phase (Street and Alexander 1965, 77). This (3 phase is now a mixture which 
consists of the original a solid solution and a new solid solution with a higher 
zinc content. Between 36 and 42% zinc the lattice changes to a body-centred 
cubic structure in addition to the face centred cubic pattern, and these are 
called alpha/beta brasses. Over 42 to 52% zinc the pattern is totally body 
centred and totally (3 phase (Street and Alexander 1965, 78).
Copper alloys in the single a phase contain all the working properties required 
by a musical instrument maker (see Figure 3.2).
3.2.1. Brass -  cold working and annealing
Continuous cold working causes the metal to become increasingly harder and 
more brittle. In the workshop an experienced maker will know by the behaviour 
of the metal as he works it when he is nearing the point where the distortion is 
so great that the crystals part resulting in failure and fracture. ‘It takes some 
experience to detect the change in sound between the comparatively dull 
impact of soft metal, and the ringing concussion of hard metal. There is also a 
detectable increase in bounce of the hammer as the brass sheet work-hardens’ 
(Barclay 1992,109). At that stage the maker will anneal the metal to a 
temperature below its melting point. Under 250°C a standard brass such as the 
CZ106 (70/30 copper/zinc) used for making sheet metal, will soften enough to 
relieve any stress cracking, but to enable continuous working, a higher 
temperature up to 650°C needs to be achieved (West 1982, 162). Annealing 
causes the structure to re-crystallize which, in practical terms, leaves the metal 
soft, malleable and ductile again. This structure can be seen in etched cross
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sections of metal and forms a very distinctive appearance (see Figure 3.2 and 
Figures E.2, E.3, E.4).
The rise of the early music movement and the focus on authenticity when 
reproducing old styles of instruments have led to some debate on the amount of 
cold working and the state of the metal on completion. Every component of an 
instrument is heated at least once to near red heat (approx. 650°C) for soldering 
and shaping, and the bell is heated many times. However, how the hardness 
was achieved is not important, what is important is how hard the brass was 
when the maker considered the instrument finished (Barclay 1997a, 74).
One of the constituents of an alloy can be preferentially removed. With brasses 
this is usually zinc and mainly due to corrosive situations such as in boilers or in 
industrial processes involving acids. The most extreme condition results in 
breakage. The possibility of dezincification due to the process of annealing, or 
due to the action of brazing seams has been debated in the musical instrument 
world, and although not written about requires some consideration here. In 
brief, the author was unable to detect any evidence of dezincification at seams 
or in the metal. In a personal communication with Ian McKintyre, Metals 
Conservator at the British Museum, and an expert on reconstructing early 
metalwork artefacts, McKintyre commented that: dezincification may take place 
when brazing seams, where temperatures up to 800°C could be reached, but 
the effect could be so superficial that detection by XRF, or even EPMA where 
surface analytical depths of up to 2 micron are achieved, would be difficult. It 
was certainly not evident in the figures obtained by scanning a section by EPMA 
of the Rampone and Cazzani trombone (LB1) (see Figures 9.7a&b, 9.8). Since 
the1920s when the problem was first diagnosed (Bengough and May 1924), a 
small amount of arsenic (about 0.03%) has been added to the Standard 70/30 
copper/zinc brass mix. The CZ126 used for tubes contains a small proportion of 
arsenic (see Figure 3.3).
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As a pure metal zinc melts at 419°C, but boils at 907°C. However as indicated 
above the properties of metals are slightly altered once they are alloyed. West 
notes that volatilisation of the zinc may occur in alloys with less than 55% 
copper, where the (3 phase predominates, and because of their low melting 
points they are used as brazing materials (West 1982,102-103).
3.2.2. Brass-quality assurance
Nowadays there are over 30 brasses specified in British Standards and more 
than 50 in use throughout the rest of Europe (Calicut 1996,15). They cover 
multitudinous uses, but in the catalogue produced by the metal suppliers J. 
Smith & Sons of Clerkenwell (see Figure 3.3) for common use only five 
standards of sheet brass are listed, and CZ126 is the only tube metal listed.
The user should be fairly confident in the quality of the brass metal sheet or 
tube by the Standard number quoted. This used to be given in a British 
Standard CZ numbering system (as in the Smith catalogue), ‘C’ copper, ‘Z’ zinc. 
Since 1996 this quality assurance has been replaced by European Standards in 
accordance with BS EN ISO 9002. So for example, the metal sheet CZ106 
used by musical instrument makers Andrew Taylor and Boosey & Hawkes for 
bell making, would now be BS EN CuZn30 CW505L, and the CZ126 for making 
tubes becomes BS EN CuZn37Pb2. The idea being to make it even clearer 
what the alloy composition contains (Calicut 1996, 22-26). This quality 
assurance is most helpful in identifying modern replacement parts to musical 
instruments.
For the purposes of this study, particularly in Chapter 8, and for ease of 
reference the commonly used CZ numbers will be adhered to. In Calicut’s 1996 
publication for the Copper Development Association the user is assured that the 
adoption of the new European wide standards will not mean that they will 
receive products any different to those to which they have already been 
accustomed.
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CHAPTER 3. METALLURGICAL ASPECTS TO ALLOYS USED FOR ‘BRASS’ INSTRUMENTS
The idea of quality assurance is more difficult to quantify in the seventeenth and 
eighteenth centuries. The end user certainly knew when the metal sheet was 
not right, but not it appears until he actually started working with it. William Bull 
in the Talbot documents dated to between 1692-1695 (Unwin 1987, 53) 
indicated that he knew when he had a good working metal by commenting that 
‘Best mettall Bastard Brass mixed part solid brass, worst silver & worst copper 
springy’. Andrew Taylor in his interview, almost echoing Bull, commented that 
he knew when he had received a poor sheet of brass ‘ I can tell when the boxes
come in, they’re a different colour before you start you can tell when you start
working it...sometimes its just like cheese, just great no problem, other times it 
goes round and boy-iing it bends back again’ (Andrew Taylor interview, 
Appendix B1, 275). Barclay (1992, 50) shows an illustration from Christoph 
Weigel’s treatise on brass working where a Messingshaber or brass scraper is 
shown removing the black scale from milling. This was to enable substandard 
sheets of metal to be identified in terms of flaws in the cast or hammered 
sheets, as much as to present the user with a clean surface to start with.
The revealed colour of the metal (as Andrew Taylor commented above) might 
have given the user some clue as to what quality of alloy he was purchasing. 
Brass alloys high in copper have a redder hue compared to the yellow colour 
associated to those with less. However this can be deceptive. The new 
evidence arising out of this study has shown that in the seventeenth century 
sheet metal composed of a ternary copper/tin/zinc alloy were used by makers 
such as Augustine Dudley and copper/tin alloy (bronze) by William Bull (see 
below) where the colour alone would not have told them the difference.
Disgruntlement over quality could also be very militant. In1998 Hachenberg 
published an article based on historical documents which relate to a dispute in 
late eighteenth century Germany. At that time the supply of brass was very 
tightly controlled and users could only use brass from their designated foundry. 
The brass instrument makers of Markneukirchen complained about the poor
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quality of brass from a particular foundry and demanded to be allowed to use 
the brass from another. Assaying was carried out on brass from both foundries 
and the complaint was upheld. This control has implications for this study where 
comparisons can be made with analyses carried out on a hoard of jetons (trade 
tokens) found in the River Thames, but originating from Nuremberg in Germany 
where these restrictions were also in force (Mitchiner et al 1987, 114-155).
In England in the early eighteenth century the government upheld the opinion of 
English brasiers that foreign produced brass was better quality than the English 
produced brass and did not impose further import duties (Hamilton 1926, 115).
Prior to the 1850’s and the advent of seamless tubing, an industrial process in 
which sheet metal was rolled and melted to create a tube (Aitken1866, 104), it 
is evident that musical instrument makers used predominantly sheet metal for 
forming bells and tubes. Often what they used was whatever was available on 
the market. As Barclay (1997a, 73) pointed out, most metal sheets came from a 
foundry; throwing all your odds and ends of scrap metal into a pot at the end of 
the day and pouring your own molten mix into a mould was hardly something 
one did in a morning in the workshop. Even in the early part of the period under 
study producing brass sheets was an industrial process. The recycling of scrap 
copper alloy either on its own or mixed with fresh brass is a process that is 
common throughout the period covered by this study. In fact it contributes to the 
paucity of ‘brass’ wind musical instruments that have survived. William Bull 
mentions it in the Talbot papers (Talbot 1700) and more recently Peter Webster 
in an article in Professional Engineering (15 November 2000) comments that 
almost 100% of brass manufactured in the UK today is made from recycled 
copper and brass. The production of brass sheet is discussed more fully in 
Chapter 5.
3.3. Bronze and ternary alloys
At the outset of this study, it was not envisaged that other alloys of copper 
would be a consideration. The generic term for metal wind instruments,
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particularly the lip vibrated aerophones which include trumpets, horns and 
bugles (von Hornbostel and Sachs 1961, 24-28) is ‘brass’ and in the main that 
has been the composition of the musical instruments examined. However, new 
information discovered as a result of the analyses carried out for this study, has 
shown that one of the seventeenth century trumpets, made by William Bull 
(A23580), is a copper/tin alloy (bronze), and trumpets by Dudley (A24656, 
43.291, 64.147), Beale (x78), and Harris (RCM189, x70) are a ternary alloy of 
copper, tin and zinc.
Bronze, an alloy of copper and tin, must have the same performance criteria as 
is required for brass: good ductility and cold working properties. The equilibrium 
diagram for copper/tin alloys (see Figure 3.4) shows that the a phase is 
restricted to a maximum of 16% tin, therefore alloys up to 12% tin are wholly a 
in practice (West 1982, 106-107). Over that percentage the alloy is more 
suitable for casting, for example for bells where an alloy of approximately 77% 
copper 23% tin is used (Whitechapel 1994, 7).
•c
1000
900
800 TCI
700
(a)
600
500
415-
400
189*200
60J*
Cu 10 20 20 40 50 7060 80
FIGURE 3.4. PHASE DIAGRAM FOR COPPER/TIN ALLOYS AFTER SCOTT (1991. 122)
At low levels of tin a sheet of bronze will work and behave in the same way as a 
sheet of brass (personal communication, Karl Hachenberg and Andrew Taylor).
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This begs the question did Bull know that he was working with a bronze sheet 
as opposed to a brass sheet.
Chapter 5 which explores the history and source of brass, shows that brass was 
in short supply in the seventeenth century, and that one of the alloys available, 
because it was important for making ordnance for the military, was a copper/tin 
alloy with some zinc, what we would nowadays call gun metal. Gunmetals are 
copper/tin alloys to which 5-10% zinc has been added, the zinc entering the a 
phase. Typically a gunmetal contains 10% tin and 3% zinc. Lead is frequently 
added to improve machining properties (West 1982, 109).
Cameron (1974) studying some eighty medieval monumental brasses (c.1300- 
c.1691) showed that with few exceptions the brass sheet commonly used was a 
ternary copper/tin/zinc alloy (Cameron 1974, 219-220). He can further relate 
such alloys to the contemporary term ‘latten’ (Cameron 1974, 230). Bayley 
(1991) attempted to standardise the terminology used for copper alloys and 
suggests that the most satisfactory option is to use modern metallurgical terms. 
In which case gunmetal would signify a bronze with a few per cent of zinc 
added (Bayley 1991, 14). However Bayley felt that ternary alloys with levels of 
tin under 3%, zinc under 8% and lead under 4% should be considered as 
impure copper, particularly if the copper level was around 95%. She felt that the 
approach pioneered by herself and Butcher to display results on a ternary 
diagram (see Figure 3.5) clarifies their relative compositions (Bayley 1991, 14).
Brownsword also uses ternary diagrams to illustrate relative compositions 
(Brownsword 1987, 170-171). These approaches are discussed further when 
interpreting the XRF results from the seventeenth century in Chapter12. What is 
clear is that this ternary alloy was commonly used for a variety of uses in the 
medieval and later period.
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FIGURE 3.5 TERNARY DIAGRAM FOR NAMES FOR COPPER ALLOYS. AFTER BAYLEY (1991)
3.4. Terminology
The general custom, even today, of calling copper and its alloys by 
inappropriate names must be taken into consideration when investigating the 
metal alloys used in the past, particularly when examining historical records. In 
his 1686 essay on words used to describe metals Pettus complains that ‘it is a 
great Error that most Writers run into, by promiscuously giving the title Aes, for 
both Brass and Copper, as if they were the same Metals’. He stresses that 
‘brass’ is a compound of copper and Lapis Calaminaris [cadmium] (Ercker 
1686). Dr Samuel Johnson (1709-1784) in his first edition of A Dictionary of the 
English Language notes under Brass ‘it is used in popular language for any kind 
of metal in which copper has a part’ (Johnson 1755, Vol.1 A-K). To add to the 
confusion alloys containing zinc, particularly those formed by the cementation 
process and made into plates, were often specifically referred to as ‘latten’ 
(Talbot 1700; Blair et al 1986). The words “brass” and “bronze” have also been 
used indiscriminately. It is difficult to pin point exactly when the word bronze for 
an alloy of copper and tin became current. It appears to derive from the French ‘ 
bronze’ and the Italian ‘bronce’. Mersenne in his Harmonie Universelle. where 
he is writing about musical instruments and in particular about making bells 
where he says a ratio of 5:1 copper: tin is the best material for making bells.
The 1957 translation calls this copper/tin alloy ‘brass’ which would be the
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contemporary translation for bronze (Mersenne1635). One of the earliest 
French to English dictionaries dated to 1611 gives bronze to mean ‘made of, or 
covered with, brasse’ (Cotgrave 1611). By 1764, however, Galon is quite clear 
that the word bronze is no longer used and that the French equivalent for brass, 
as an alloy of copper and zinc, is ‘cuivre jaune’ or ‘laiton’ terms which are used 
today (Galon 1764). Edward Phillips in his dictionary of 1678 does not give 
entries for brass or bronze or copper, but under Cadmia says that this is the 
‘Brass oar or stone out of which Brass is tried or molten’ and for Bell metal says 
‘(as some think) that it is a mixture of tin and copper oar* (Phillips 1678). 
However the Italian word ‘bronce’ has always meant an alloy of copper and tin. 
The earliest reference is in 1540 in Biringuccio’s De la Pirotechnia. where he 
very clearly states that ‘..just as it [copper] changes nature and appearance 
according to the proportion of tin which you give it, so it changes name and is 
no longer called copper but bronze..’ (Biringuccio 1990, 210). By the late 
eighteenth century the interest in Italian classical bronze statuary, along with the 
development of technology, probably generated a need to separate and identify 
the two alloys (Kennard 1986, 23). Consequently the word ‘bronze’ to describe 
an alloy of copper and tin does not appear to be current in England until the late 
eighteenth century. While much discussion has gone into what is meant in 
contemporary English accounts by ‘brass’, this also raises the question of what 
were copper/tin alloys called? The PRO document dated to 1588 containing an 
inventory of the ordnance in the Tower of London and listing the materials in 
stock makes a clear distinction between bell metal and brass materials 
(Exchequer1588). Pettus in 1686 in his Essays on Metallick Words as a 
Dictionary (Pettus 1686, Book 2, 11) says
‘Bell, T.schelle, ie fonitus, that which yields a sound....but the metal of our bells 
have no gold in them, but what is casually mixt with other metals, for they are 
compounded of copper, tin and brass, and a little silver....And not only this of 
Bells, but most of the choice Instruments of Musick were and still are either in 
whole or parts composed of metals....such as Trumpets, sag-bots, Cimballs 
organ pipes etc...’
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As we have seen above Bull in 1700 describes the best metal as Bastard Brass 
mixed with solid brass (see Figure 3.6 note Bulls’ name at the end of the final 
paragraph).
m m
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FIGURE 3.6 EXTRACT FROM TALBOT PAPERS (1700) ‘BEST METALL BASTARD BRASS MIXD 
SOLID BRASS’ (4 LINES UP FROM BOTTOM)
What Bull meant by the term ‘Bastard Brass’ is unclear. Based on the results of 
the analyses carried out on the instruments, it could be taken that ‘Bastard 
Brass’ was his term for a copper/tin alloy, and that the generic term for a 
copper/tin alloy was bell metal. At this date the only way zinc could have been 
added to a copper/tin alloy was as brass, so Bull’s ‘solid brass’ could have 
meant just that.
3.5 . White Metals
Another feature of musical instrument making is the use of white metals for 
keys, ferrules, and other decorative elements. Silver either as solid metal or as
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plating has a long history of use, but from 1800 a new combination of copper, 
nickel and zinc became available.
This ternary alloy has several guises as ‘paktong’, ‘German silver’ and even 
today is commonly called ‘nickel silver’, although there is no silver in the alloy 
(see Chapter 4). The great advantage to nickel silvers is their superior tarnish 
resistance. As a bright ‘silver’ coloured metal they are highly decorative. They 
are either worked as sheet metal, for example, for garlands, or cast into shapes 
such as key plates.
Nickel plating has been identified on some mouthpieces and on one modern 
instrument, but this falls without the time scale of this study. It is only important 
to note when nickel is discovered, and historically can place parts such as the 
above mouthpiece into its proper context. This is discussed more fully in 
Chapter 6, The History and Source of White Metals.
3.6 Summary
The purpose of this chapter was intended as a summary of the working 
properties required of the sheet and tube copper alloys mainly used in musical 
instrument making, and not to give a detailed exposition on the metallurgy of 
copper alloys. Good ductility while cold working at room temperatures was a 
key factor.
The initial starting point of the study was to investigate the composition of 
‘brass’ used in the making of musical instruments, but the important new 
discovery that one seventeenth century instrument was a bronze, and the 
others were mainly copper/tin/zinc alloys has extended this area of discussion. 
This discovery has an important bearing on the sourcing of materials covering 
the whole of the period under study and is covered fully in Chapter 5, History 
and Source of Brass.
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CHAPTER 4. METHODS OF MANUFACTURE OF BRASS
4.1. Introduction
Brass is the metal most commonly used today for making metal wind 
instruments. There are two principal methods of manufacture: by diffusing two 
solids together which is known as the ‘cementation process’, or, by direct 
alloying, combination of copper and zinc metal. There is no doubt that 
accidental or incidental contamination of copper ores with zinc ores to produce 
a brass also occurred in antiquity (Rehren 1999, 256; Craddock 1990, 4), but 
the two methods described above are, historically, the most common (Calicut 
1996, 61).
This difference in technique for producing brass is reflected in the composition 
of the resultant brass and fully discussed in Chapters 9, 11, 12. One of the main 
purposes of this study is to see how useful non-destructive analysis by the use 
of XRF is in distinguishing these differences on composition alone, and thus 
enabling identification of original and replacement parts on musical instruments 
by compositional analysis. Calibration of the XRF data is a crucial aspect of this 
approach.
The production of sheet copper and brass was available throughout the period 
of this study (Tylecote 1976, 95-96).
Copper was refined after smelting, by melting it in a crucible. Residual 
inclusions called ‘dross’ would float to the surface and be skimmed off. Further 
refining would be carried out by the copper being ‘poled’ with a green branch. In 
some instances the metal would be covered with charcoal before the pole was 
thrust into it (Tylecote 1976, 95). The poles were pushed in as fast as they burnt 
away. In either case this had the effect of reducing any remaining oxide to 
copper metal (Hofman 1914, 384-385). Fire refining of copper in antiquity as 
investigated by Merkel also could produce ‘pure’ copper (Merkel 1990,116-118). 
Consequently, as will be seen, the copper horn of William Bull made in 1699 is
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as ‘clean’ a metal at 99% copper compared to a copper bugle made by Charles 
Pace in about 1840 with a similar high purity content of copper. In Britain 
electrolytic refining of copper was patented by Elkington (1865-1870). Its 
industrial use falls outside the period of this study but it is still one of the 
methods used today (West 1982, 72).
4.2. Cementation process
The majority of copper alloys, such as copper and tin for bronze, are made by 
mixing the metals together in the molten state. The mixture is then poured into 
moulds and allowed to solidify. The problem with producing brass has been the 
extraction and production of metallic zinc from its ore. Copper melts at 1083°C, 
but although zinc melts at 419°C, it boils at 907°C. If copper and zinc are 
placed in a crucible together in a furnace and heated to the melting temperature 
of copper, they would melt but the zinc would boil away and the resultant 
vapour would oxidise in the air and condense on the inside of the furnace 
(Street and Alexander 1965, 54-55). Until zinc was isolated from its ore, the only 
way to deal with this problem was by diffusing the two solids together in a 
method called the cementation process.
Nowadays zinc sulphide (blende or sphalerite) is the principal ore used for 
making zinc, but in the period of this study the most common ore was calamine 
or lapis calaminaris, an anhydrous carbonate of zinc (now called Smithsonite).
Paracelsus (c. 1493-1541) has been credited with being the first to state clearly 
that this material was a new metal and to call it ‘Zinc’. However the zinc he was 
describing was mainly derived from the zinc condensed on the insides of 
furnaces called ‘tutti’ (Nemnich 1799). This product was in fact a great nuisance 
to smelters as it blocked vent holes and meant the furnaces had to be cleaned 
down more often. Appearing in the endnotes to a translation of Neri’s The Art of 
Glass Merret in 1662 writes in one of the earliest descriptions of the production 
of brass ‘Almost half of the Calamie (as the workmen call it) is wasted and flies
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away in flour which sticks to the mouth of the furnace’ (Neri 1662, 300). Ercker 
mentions that in Goslar they gathered lapis calaminarus out of the smelt ovens 
for lead and that sometimes it was ‘hand thick’ (Ercker 1686, 285).
In the mid-eighteenth century John Champion (1705-1794) was experimenting 
in Bristol with extracting zinc from both calamine and zinc blende by roasting 
the ore to the oxide (calcining) before reducing it to zinc metal (Singer et al 
1957,130-131).
In the cementation process, however, after calcining, the Calamine is ground up 
and mixed with copper in a crucible. Zinc uptake is proportional to the 
temperature and the surface area of the copper (Barclay 1992, 43). Copper 
could be used ‘broken up unto pieces’, but John Champion’s father Nehemiah 
recognized that a better mixture and greater yields of brass could be obtained if 
the copper were granulated to increase the surface area. In 1723 he took out a 
patent (No. 454) to register his new method for making brass (Day 1990,137).
By the1770’s the process had been adopted as general practice throughout the 
industry (Day 1990,138).
Contemporary descriptions of the cementation process (Ercker 1686,285-288; 
Merret 1662, 299-304; Galon 1764, 49; Anon 1829, 1-2) show that a similar 
technique was used throughout the period of this study. The basic feature is 
that the crucibles must be contained. In this way the temperature can be 
regulated so that the zinc, when it boils, is not lost as a vapour and deposited as 
an oxide on the furnace wall.
A furnace is prepared with charcoal on which the crucibles for making the brass 
are placed. Within the crucibles, the calamine is mixed with charcoal and 
sometimes with a flux such as salt, alum or urine (Barclay 1992, 43) and the 
copper is then laid on top. The temperature has to be carefully controlled so as 
to reduce the zinc ore to vapour at about 918°C. It then had to be raised to melt 
the copper at about 1083°C (Bayley 1990, 9). The metallic zinc produced in
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vapour form diffuses into the copper. As the zinc diffuses into the copper the 
melting point of the metal falls to about 1000°C when the melt contains about 
30% zinc (Bayley 1990, 9) (see Figure 3.2). However Haedke who carried out 
experiments with this technique reported that the maximum zinc content to be 
expected at 1000°C would be 28% (Craddock 1985, 24-25). The temperature is 
then raised again and the melt stirred occasionally with an iron rod to test it 
(Barclay 1992, 44). Once this happens there is very little further uptake of the 
zinc as the surface area for absorption has been drastically reduced. However 
Percy (1861) mentions that in the seventeenth century it was possible to get 
concentrations up to 33% zinc. Even controlling the furnace in this manner still 
resulted in loss of zinc to vaporisation. Consequently the charges of zinc into 
the melt are over calculated. Merret gives a recipe of seven pounds of calamine 
to five pounds of copper (Neri 1662, 301). Ercker who gives a very graphic 
description for the making of brass in the sixteenth century also gives the 
amount of copper to zinc for each charge of the crucibles. He recommends 46 
pounds of calamine to 64 pounds of copper. Barclay estimates that the alloy 
produced by this sort of proportional charge would be a brass of about 29% zinc 
(Barclay 1992, 45). Bayley feels that high zinc brasses would contain very little 
of other metals, such as tin or lead, perhaps only a few percent as they would 
lower the melting point of the melt and directly reduce the amount of zinc that 
could be absorbed (Bayley 1990, 10). In general cementation brasses rarely 
exceed 30% by weight of zinc in the final alloy, but one must be aware that 
higher levels are possible.
4.3. Direct Combination of Zinc and Copper Metal
As discussed above the problem with the development of the brass industry had 
been with the production of metallic zinc. Zinc had been produced in India 
since the fourth century BC (Craddock et al 1990, 48-49) and in China since the 
tenth century AD and possibly earlier (Xu Li 1990, 104-105). There is evidence 
that zinc was being imported from there by the East India Company from about 
1605 onwards (Tylecote 1976, 102). Ingots of zinc have been recovered from
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an East India Company vessel, out of Canton, that foundered in 1745 
(Craddock 1990, 3). During the eighteenth century most of the zinc was 
imported by the Dutch from China and was known as Indian ‘tin’ or pewter (the 
English word spelter is derived from this (Singer et al 1957, 690).
Although ingots of metallic zinc were arriving in Europe their use was not 
widespread (de Ruette 1995, 198). Craddock and Day both debate that zinc in 
ingot form would have been expensive, and as the cementation process was 
well established, the need for metallic zinc was not so pressing. This could 
explain the reluctance of Europe to investigate and adopt the direct method 
technology (Craddock 1990, 5; Day 1991, 179). In 1746 Andreas Marggraf 
(1709-1782) was one of the first to fully describe the production of zinc from 
calamine and in Sweden at the same time Anton von Swab (1703-1768) and 
Axel Fredrik Cronstedt (1722-1765) were also distilling zinc from calamine 
(Habashi 2001, 1). However Nehemiah Champion’s younger son William (1709- 
1789) was to further the development of the brass industry by his new 
technique for the large-scale production of metallic zinc from its ore. William 
travelled in Europe in the 1720’s to learn more about the production of brass, 
where, it has been suggested, he met travellers who had been to China and 
India and told him of the method. Investigations by Craddock and his colleagues 
have shown that the arrangement of Champion’s furnace was a scaled-up 
version of a method used in India centuries before (Craddock et al 1990).
William Champion patented the process in 1738 and set up his first smelter at 
Warmley in Bristol in 1743 (Tylecote 1976, 132). At this time zinc was coming 
into England from the East Indies, via Holland, and the merchants involved in 
the business were determined to crush this local competition. Champion may 
have been an innovator but he was not a businessman (Day 1973, 89). By 1769 
he was bankrupt and the Warmley Company was sold to the Bristol Company 
(Day 1973, 93; Hamilton 1926,154-157). In 1764 Galon (1706-1775) an 
engineer in the French military visited the Baptist Mills in Bristol where he made
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mention of the granulation process for copper, but does not mention brass 
being produced by the direct method (Galon 1764, 4).
It is not until the end of the eighteenth century/beginning of the nineteenth 
century that the direct method for making brass is the main technology in use. 
The business appears to be well established by 1801 in several parts of Europe 
including Britain, where Birmingham was in the ascendancy (Almond 1990, 152- 
153).
4.4. Summary
XRF analysis carried out for this study has shown that pre-mid-eighteenth 
century cementation brasses tend to have more traces of other elements in the 
mix, than the later cementation brasses when technology and refining methods 
had improved and the mix is much ‘cleaner’ (see Chapters 10, 11, 12). By the 
late eighteenth century brasses produced by the direct method of brass 
manufacture is another factor to take into consideration. This new technology 
also initially produced brasses with traces of other elements. By the nineteenth 
century, however, as refining methods improved, XRF analysis shows that 
direct method brasses are much ‘cleaner’ and more standardised in their 
composition (see Chapter 12).
This new information for identifying periods of brass technologies through the 
use of XRF is fully discussed in Chapters 11,12 and 13.
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CHAPTER 5. HISTORY AND SOURCE OF ‘BRASS’ 1651-1867
5.11ntroduction
This chapter aims to deal with the development of copper alloy production in 
England. It presents an outline history, which enables the source of the brass 
to be put into context and show what sheet copper alloys were actually 
available to the musical instrument maker during the period of the study. This 
should also enable a greater understanding of why a ternary copper/tin/zinc 
alloy was used by the makers in the seventeenth century and why perhaps this 
led to an English tradition of working in such material, not reflected in Europe.
The distinction between the industry of mining, extracting, smelting and mixing 
metals to produce sheets or ingots, and the industry of using the raw materials 
to make finished articles is also important (Hamilton 1926, 69). The former 
requires a large outlay of capital for the expertise and the machinery to set up 
the process whereas the latter does not. The two however are dependent on 
each other, the metalworker requiring materials in a usable form such as sheet, 
at a reasonable price and of good quality; the mining and foundry companies 
requiring a market for their goods.
The history of the changes from the cementation process for making brass, to 
the smelting of zinc from its ore in the early part of the period under study, and 
the direct mixing of copper and zinc to make brass from the late eighteenth 
century onwards (see Chapter 4) are also relevant.
Once the copper alloys were obtained there were two basic ways of using the 
material, either by battery (sheet) or as wire. Battery was first produced from 
cast ingots by hammering with huge weights operated by water power to form 
plates of the required thickness. The industry was able to mass-produce plates 
by hammering three or more sheets together at one time. By the end of the 
seventeenth century rolling mills were used instead of battery mills to produce
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sheet (Hamilton 1926, 344-346). Aitken notes that producing plate by casting 
them in sand moulds meant that the metal tended to become convex in the 
middle and thinner towards the outer edge. The importance of the rolling mill to 
‘iron’ out this inconsistency cannot be underestimated (Aitken 1866, 86). It was 
not until the late eighteenth century that the production of hot rolling of sheet 
was fully developed (Tylecote 1976, 90, 124). Slitting mills were in use before 
the full industrial application of the rolling mill. Bars of metal were cut into short 
lengths and then flattened and reduced to some extent by rolling and then put 
into the cutters of a slitting mill. This produced strips of metal that could be used 
for coin blanks or drawn into wire (Tylecote 1976, 90).
5.2. Events leading up to the state of affairs in 1651 
5..2.1. The Tudors
Until the reign of Elizabeth I (1558-1603) little brass had been made in England, 
and the mining of copper had been almost totally neglected (Hamilton 1926, 1). 
Providing the necessary skilled labour, the raw materials and all the related 
activities for this industry, finding ore, getting the ore, smelting and making 
sheets or other forms of the raw material was a major capital investment. Also 
calamine or lapis calaminaris, the ore of zinc, essential for the making of brass, 
had not been discovered in England at the time of Elizabeth’s accession. A 
document, dated to 1392 (Blair et al 1986,85-87), proves that a Master Brasier 
was providing the raw materials for casting purposes, which included scrap 
brass, grey copper (probably antimonial copper) and ‘stelbake’. Stelebake has 
been taken to be a corrupted spelling for ‘Stolberg’ and probably represents 
calamine. Stolberg, along with Aachen, in the Meuse Region, was the main 
calamine producing area in Europe (Day 1984, 37). This suggests that small- 
scale production of brass was taking place, albeit with imported calamine. 
However the copper with its high antimony content could have come from 
Cornwall or Devon (Blair et al 1986, 876).
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In 1558, when Elizabeth I ascended the throne, England was not in the wealthy 
stable condition in which her father Henry VIII (1509-1547) had left it. 
Subsequent historical events had left England torn by religious turmoil, 
threatened by overseas, and with an empty treasury (Delderfield 1971, 74). 
Elizabeth conducted regular audits of her assets, amongst them an Inventory of 
the Ordnance in the Tower of London (Exchequer 1588). The Tower of London 
was of utmost importance at this time. In addition to being a high security prison 
and a base to quell any dissent in the City (Parnell 1995, 9) it housed the 
treasury and the Office of Ordnance. The latter was responsible for supplying 
Elizabeth’s armies and some of the facilities for making these items were on the 
Tower premises (Parnell 1995, 61).
This previously unpublished evidence come to light as part of this research is of 
great interest to this study. The papers, although beautifully written (see Figure 
5.1) are difficult to read particularly the numbers, which are in a shorthand form 
of debased roman numerals. The document first lists the weapons and armour 
by type of material, for example, brass ordnance, which includes cannon, cast 
iron and forged iron ordnance. However in between the ‘Stuffe to make powder*, 
‘Matche’ and the ‘ Artillarie’ is a list of the Metals in stock at the Tower. These 
include ‘copper for ordnance’, ‘copper plate’, ‘ bell mettall’, ‘Sheets of brass’, 
‘Brass ye Mettall’, ‘Tynne [Tin]’, ‘Lead’, ‘ Sowder [solder]’ and ‘Yron (iron), 
wroughte and unwroughte’.
The inventory is of importance not only because it gives an illustration of which 
metals were available at the time, and in what form, but also highlights the fact 
that all the materials except the lead, tin and iron had probably come from 
abroad (Rees 1968, 438-440). England’s control of Calais had been lost to the 
French in the dying year of the reign of Queen Mary I (1553-1558). England 
was without a foothold in Europe, potentially, prospective enemies controlled 
the continental ports and it was essential that during times of crisis that supplies 
were guaranteed (Cunningham 1907, 57).
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FIGURE 5.1 AUDIT OF METALS IN THE TOWER OF LONDON (EXCHEQUER 1588)
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Elizabeth was very aware of the need not to rely on expertise, materials and 
goods from abroad (Cunningham 1907, 25-37). She needed to get the nation 
back into a position of power by building up local industries as well as to 
address the situation of her empty Treasury. The key objectives were to find 
silver and gold to replenish her coffers, copper and brass for ordnance, and wire 
for wool cards. Wool production was the staple industry of England. The wool 
cards were a vital part of the preparation of wool, whereby the wool is meshed 
together between two wooden boards covered with leather studded with wire 
spikes. The wire used for the wool cards was made either of iron or brass. At 
this time both cards and the wire were imported.
Unfortunately what Elizabeth set in place was to have a far-reaching effect and 
to set back the free production of brass in England for over a hundred years.
5.2.2. The Royal Societies
In essence Elizabeth rescinded any previous royal patents and created two new 
monopolies the Society of Mines Royal, and the Society of Mineral and Battery 
Works. This put into the hands of a small number of men the ‘full, free and 
absolute power and authority to search, open, mine, dig and try in all earths 
grounds spils & placers’ for all manner of ores, which apart from the precious 
metals also included all other earths, metals or minerals. Specific mention is 
made of their sole and proper use of lapis calaminaris or calamine stone. The 
system was one of perpetual inheritance -  to them and their heirs forever 
(Stringer 1713, iii-xviii).
The Society of Mines Royal held the rights to prospect for ore, as well as mining 
and smelting it, with silver and gold being in the Crown’s prerogative. The 
Society of Mineral and Battery works had the specific brief to find calamine and 
produce brass. However the keys to success for the whole enterprise was the 
need for capital to start the industry, the need to import the technological know­
how to set up the machinery, and the need for expert and skilled labour. None 
of these were available in England (Rees 1968, 385).
73
CHAPTER 5. HISTORY AND SOURCE OF BRASS
At this time Germany was leading Europe in mining ores and the production of 
brass. The Society of Mines Royal looked to Germany and a charter was 
granted to a consortium based on German and English finance, which brought 
Daniel Hochstetter and a team of mining experts from the Tyrol to England.
They soon made discoveries of copper ore, particularly in Keswick.
The Society of The Mineral and Battery works contracted the eminent German 
chemist Christopher Schutz to come to England with a team of experienced and 
skilled labour to seek out calamine and to set up brass producing works. Schutz 
had been Manager of a zinc mining company in St Annenberg, Saxony. He is 
described as a workman ‘of great cunning, knowledge and experience, as well 
as in the finding of calamine stone.... And in the composition of the mixed metal 
commonly called latten and in reducing it to be soft and malleable’ (Stringer 
1713, 34). Schutz discovered large deposits of calamine in the Mendip Hills, 
and with the Keswick copper mine.
However by the 1580’s this healthy start had begun to founder. The Society of 
Mineral & Battery works had set up an iron works near Tintern Abbey on the 
Wye River, mainly for production of iron wire for wool cards (Hamilton 1926,
16). However their efforts to establish the manufacture of brass were beset by 
difficulties among which were finance, the great deal of skill which is required to 
get the right balance of calamine to copper, and heating to the right temperature 
(see Chapter 4). Another major problem appeared to be impurities in the zinc 
and copper ores. Although producing a metal of the right colour and weight, it 
appeared to lack the malleable quality needed to make it workable into sheet or 
wire (Day 1990, 134). Day also notes (p. 146) that recent analysis of the 
calamine from certain areas of the Mendips shows that it was high in lead. This 
may account for these early difficulties, as well as impurities in the copper from 
Keswick. Pettus also comments that there is a lack of pure elements in England 
(Pettus 1670, chapt. 4). The success of the iron wire side of the business also 
unfortunately led to the neglect and thus the stagnation of the brass industry.
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In 1582, under pressure from the Crown, The Society of Mineral and Battery 
Works decided to lease some of its rights and privileges. A factory was set up in 
Isleworth in Middlesex, but again was beset with financial problems and the lack 
of expertise to produce brass. John Brode, one of the Shareholders, who knew 
how to carry out the process refused to pass on the secret to anybody else. As 
Pettus in his history of the Societies notes, one of the original intentions of 
setting up the monopolies was to ensure that there would be continuity of 
purpose and that ‘Arts methods, Rules & order passed down can’t be lost’ 
(Pettus 1670, 29).
5.3 The seventeenth century
By the time of the Commonwealth the making of copper and brass was still in 
the monopoly of the Society of Mineral and Battery works, which leased the 
rights to set up factories. The works at Tintern appeared to be flourishing, and 
there were at least two brass and battery works in London, one in Isleworth and 
one in Rotherhithe. There was keen interest in both sides of the brass industry, 
which certainly had good prospects. Competition was always knocking at the 
door, but always beaten off by the two Societies invoking their rights of 
monopoly and the courts upholding them (Hamilton 1926, 49).
In the meantime the Society of Mines Royal had suffered numerous set backs, 
the major problems being finance, the need to find new sources of copper ore 
and transporting it to the smelters, which were still mainly centred in Keswick 
(Rees 1968, 421).
In the years leading up to the start of the Civil War in1642, several attempts had 
been made by both English and foreign entrepreneurs to set up brass works. 
However the Society of Mines Royal were afraid of German residents in 
England attempting to undermine their monopoly and take over the privilege of 
mining calamine and copper and setting up brass works (Rees 1968, 588). By 
the middle of the seventeenth century Sweden and Hungary had become the
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main suppliers of copper in Europe (see Figure 12.3). In 1649 Jacob Momma, a 
German, set up a successful mill for brass wire in Esher, Surrey, mainly for 
pins, but the copper was imported from Sweden (Day 1990, 134) and ultimately 
limited local trade (Rees 1968, 588). Although he ran a successful business for 
some years he gave up as his privileges were usurped and the Societies of 
Mines Royal made it more and more difficult for him to trade (Aitken 1866, 10; 
Day 1991, 138). As late as 1694 the English government was paying to import 
Swedish copper to make coins to the detriment of local initiatives (Hamilton 
1926, 107). Prices are known for ‘thick best’ copper plates from Hungary and 
Swedish copper ‘money plates’ (see Figure 12.3; Whiston 1681).
To add insult to injury, large amounts of calamine were being exported to 
Sweden in return for brass imports (Hamilton 1926, 61). Pettus complains in 
1686 that calamine was being sent as ballast to ‘foreign parts’ so the ‘best brass 
beyond the seas is made of our stone rather than their own’ (Ercker 1686,
>345). The lack of expertise for working in brass is also evident from a 
deposition in 1638 by merchant Charles Powell, who had taken over one of the 
leases of the Mines Royal, of his intention to bring in brass-workers from 
Aachen (Rees 1968, 591).
The Civil War (1642-1646) put an end to most operations. The Mine works at 
Keswick were destroyed and most of the German miners who had been brought 
in to get the industry going, many of whom by this time had intermarried with 
locals, were killed (Hamilton 1926, 55). In its heyday the Keswick and related 
works were supposed to have given work to 4000 men. By the time of the 
Restoration in 1660 contemporary writers were relating how there was nothing 
left but ruins and the labours of the Elizabethan pioneers had vanished 
(Hamilton 1926, 55).
During the time of the Commonwealth, all the Rights of the Crown and of the 
Society of Mines Royal were usurped. The governors and main shareholders of 
the companies were Royalists, which made it difficult for them to retain their
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rights. Little was done to encourage the industry during the Commonwealth 
although several entrepreneurs both English and foreign were prepared to 
petition for the privilege. The major concern for the new government as always 
was brass for ordnance. Unserviceable pieces of ordnance were sent to the 
Tower of London to be recast, as was scrap brass. The only copper mine left 
working was in Wales and the little it produced was used solely for ordnance 
(Hamilton 1926, 59).
5.3.1 The state of supplies
By the end of the Commonwealth period the copper and therefore brass 
industry were in a state of disarray. At the restoration both the Mines Royal and 
the Mineral and Battery Works tried to reassert their authority. However times 
had changed and it was difficult for them to regain their old monopoly. Until 
about 1690 the restriction on working calamine and making brass was openly 
flouted (Rees 1968, 464-465), but the copper mining industry was virtually at a 
standstill. This was also partly due to the fact that working precious metals was 
still a Royal prerogative and copper was usually found intermixed with these 
(Rees1968, 422). The situation in England was that calamine was being 
processed, but the brass industry was failing again because of the lack of 
copper.
To encourage the mining of copper, in 1689 the government passed the Mines 
Royal Act, which allowed anyone to work mines of copper, tin, lead or iron 
whether they should contain silver or gold or not. The Act (strengthened by a 
later one in 1693) paved the way for private enterprise, which in turn led to new 
undertakings to work copper and brass (Hamilton 1926, 64).
By the time of William and Mary (1689-1702), petitions were being made to the 
government to lift restrictions on the exportation of copper and ‘broken brass’ 
(Anon 1693a-c). By this time the copper industry had progressed to such an 
extent that they now did not have enough home market for the copper they 
were producing, and yet foreign imports of copper were still coming in. Two
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broadsides published in 1693 express these concerns particularly highlighting 
the cheapness of foreign imports the prices of which they were having trouble 
meeting at home (Anon 1693b,c). In 1694 an Act was passed permitting the 
export of iron and copper to all countries except France, but although export 
was permitted a duty was imposed on unwrought English copper (Hamilton 
1926, 106).
5.4. The eighteenth century
Stringer’s 1713 treatise Opera Mineralia Exolicata. in which, as governor of the 
company, he lays out in great detail the history of the Mines Royal with copies 
of all the relevant royal charters and patents, was a last-ditch attempt to show 
how they still had rights, but their privileges had lapsed. In addition there were 
allegations of corruption and malpractice against the companies, miners 
mutinied, and petitions presented to Parliament ordered an enquiry, which 
resulted in the accountants being found guilty of fraud. This produced a series 
of broadsides in support of the different interests involved (Pye 1928, entry 
156). In the years up to 1722 it was obvious that the monopoly of the Mines 
Royal Company was coming to an end and although various attempts were 
made to reinstate its powers, resulting in a flurry of broadsides and counter 
arguments, for example (Anon 1710/11a, ‘Against’) and (Anon 1710/11b, ‘For’). 
For a full list see Hanson (1963).
The development of the copper industry meant fresh impetus for the brass 
industry. However by the 1720’s there was still little expertise in England of 
producing brass. The quality of the brass depended on the amount of calamine 
and copper put together (see Chapter 4). Consequently large quantities of 
brass were still being imported, mainly from Stolberg and Holland, either as 
finished goods such as pots, pans, kettles or half finished materials such as 
brass plate, sheet and wire (Day 1990, 137). Once again the industry had to 
have recourse to foreign expertise. In Bristol, for example, Dutch workmen were 
brought in to revive the industry (Day 1990, 136)
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Of interest to this study are the arguments regarding the quality of foreign 
imported brass compared to home-produced materials. It was said that brass 
plates cast by English manufacturer were not suitable for making kettles or 
other brass goods (Hamilton 1926, 114). The Clockmakers, Watchmakers and 
Buttonmakers stated that English latten was ‘not fit for use, for brass made in 
England is of a hard, brittle quality, and full of pores’ citing in particular that from 
the Temple Mills (Anon c.1721). The manufacturers hit back (Anon 1721/22). 
The government made exhaustive enquiries and the balance of opinion seemed 
to favour the superiority of the foreign product (Hamilton 1926, 114). This would 
also have a bearing on the sheet brass that musical instrument makers would 
wish to use, and makes a foreign source for their materials most likely.
The Bristol works first started at the Baptist Mills in about 1702 as the Bristol 
Brass Wire Company. The industry developed very rapidly and was soon 
producing brass rods and plate and half finished copper goods. Several names 
are important at this time: Abraham Darby (1678-1717) who was active in both 
the copper and iron industries and Nehemiah Champion who succeeded 
Abraham Darby at Bristol after the latter moved to what is now Ironbridge, and 
Champion’s two sons John (1705-1794) and William Champion (1709-1789) 
(Day 1973, 32).
Nehemiah Champion patented a new method of making brass that consisted of 
granulating the copper before it was placed in the crucibles, thus leading to 
greater yields of brass (see Chapter 4). By the 1770’s the process had been 
adopted as general practice throughout the industry (Day 1990, 138). His 
younger son William Champion was to further the development of the brass 
industry by his new large-scale technique for the production of metallic zinc 
from its ore (see Chapter 4).
William Champion’s method of mixing copper and zinc proved too costly for 
industrial and workaday goods (Day 1990, 144). Although brass works were set 
up around England, it is not clear how many of them were using the new
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method of producing brass, but according to written accounts the use of 
calamine furnaces for brass continued into the nineteenth century (Percy 1861, 
612).
Initially Birmingham manufactured its brasswares from brass supplied by the 
Bristol and Cheadle companies. Basically these were the only companies 
providing a full service: smelting copper, preparing calamine and making brass 
(Hamilton 1926, 158). In a very similar manner to the old monopolies of Mines 
Royal the smelting companies combined and did their utmost to prevent new 
undertakings being formed (Hamilton 1926, 330). However by the end of the 
eighteenth century copper smelting at Bristol had ceased and even the brass 
works, although it had once been the ‘largest of its kind in Europe’, was 
threatened by developments in Birmingham (Anon 1799; Day 1990, 141).
The rise of Birmingham in this period is striking. By the mid-eighteenth century 
Birmingham was an important centre for the brass and copper trades. By the 
end of the eighteenth century Birmingham had become the chief centre of 
English copper and brass manufactured goods, 1000 tons of brass being put to 
use there in 1795 (Singer et al 1958, 133).
In Europe the brass industry was in decline. In 1764 a report by Galon (1706- 
1775) describing brass works he visited all over Europe showed that in Namur 
for example they were using outdated techniques for both producing brass and 
preparing the metal plate afterwards (Galon 1764, 11 and 27). His description of 
the Baptist Mills in Bristol includes the use of granulating copper to ensure 
greater production of brass, but does not mention Champion’s method for 
producing metallic zinc. Galon, although not publishing until 1764, appears to 
have made his observations in 1748 (Galon 1764, 24) in which case he might 
not have seen the process in action or he may only have visited the Baptist Mills 
and not the Warmley works. By the end of the eighteenth century the great 
brass producing centres at Aachen/Stolberg had already lost their market of half 
finished and battery wares to England. Rolling mills had not been installed,
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probably due to insufficient head of water from the River Vicht. Coal fired 
annealing was still not commonplace, although it had been in use in England 
since early on in the century after Abraham Darby’s pioneering work. As is the 
way of industry the old established centres with their outmoded equipment and 
technologies were being overtaken by newly developed industries with the 
latest techniques.
At the beginning of the century home-produced copper and brass had declined 
and the brasiers and by inference, musical instrument makers, probably would 
have relied on foreign imports, primarily from Stolberg and Holland for good 
quality brass plate, sheet and wire.
The sheet metal available therefore to musical instrument makers throughout 
this century could be variable. Copper sheet was home produced but foreign 
imports were cheaper. Brass sheet at least for the first fifty years was home- 
produced, but the quality was always questionable and like other brasiers, 
musical instrument makers probably found that they had to use sheet imported 
from the Aachen/Stolberg region of Germany. Towards the end of the century it 
is evident that the home market was firmly in the hands of local producers and 
brass sheet most likely came from an English brass mill.
5.5. The nineteenth century
Although the copper and brass industries were in the ascendancy, the times in 
general were hard. England had been at war with France since 1793, first 
against the Revolutionaries and then from 1801 against Napoleon Bonaparte 
(1769-1821) (Delderfield 1971, 112-113). The controversy over the price of 
copper continued into the new century (Admiralty Communications 1800).
Musical instrument makers require sheet metal, which can be cold worked and 
annealed (see Chapter 2). These are mainly a phase copper alloys containing 
from 10-35% zinc (see Chapter 3). Above that percentage brasses could not be 
worked hot. This meant that sheets which were produced by pouring into
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moulds were of a limited size. Merret quotes a size of 3 foot long by VA feet 
wide (915mm x 460mm) (Neri 1662, 302). Aitken mentions a size of 4ft x 3ft to 
about Vs or Vi inch thick (1220mm x 915mm in size and 3-6mm thick) (Aitken 
1866, 86). Cameron also notes that the large early figures in monumental 
brasses were made up of several sheets of metal each no more than 24 inches 
(610mm) long (Cameron 1974, 217). The size of the sheet produced is of 
importance in musical instrument making particularly for example for making 
trumpets in the seventeenth century. Talbot confirms that the lengths of the 
yards is limited by the sheet available.
“The yards may be taken asunder at ye joynts B F. ECD to make ye instrument 
more portable, [viz] and [made ye] small pieces because tis hard to find pieces 
of [Laton] so large [enough] to make ye [instr] entire ye instrument being 
usually about 7 foot long ye joynts are hid by ye knobs BCD EF. [ ?] neither 
could ye Branches be crooked if entire: ye mettal is usually hammered into 
plates of ye form of Parallelogram & rounded into a cylinder ( of which [? ] in ye 
brazing) joynted [with] solder. [?]” (Talbot 1700).
During the nineteenth century there were tremendous engineering advances in 
the method and scale of operation of metallurgical processes. Science was 
evolving and the field of chemistry was explaining how old processes involving 
reduction by charcoal and coal actually worked. This enabled more efficient 
methods of reduction to be introduced.
The greatest change was in the move away from the cementation process for 
making brass to the direct method of mixing copper and zinc. Aitken writing in 
1861 states that for the last 25 years spelter [zinc] has been substituted for 
calamine. He also mentions that the Bristol Company although ‘diminished 
more than one half had until the 1830’s used calamine to make brass but now 
used only zinc (Aitken 1866, 13). In contrast a manual written in 1829 purporting 
to be ‘the Brass Founders* Braziers* and Coppersmiths* manual containing a 
scientific description of brass founding in all its several branches’ only describes 
the cementation process of making brass and makes no mention of the direct
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method (Anon 1829, 1-2). A further incentive to change production techniques 
came in the 1830’s with the lowering of the tariffs on imported zinc, making its 
use far more economic and boosting exports of finished wares (Day 1990, 145). 
Aitken refers to one mill in Birmingham in 1851 still making cementation brass.
In Birmingham the last chimney was demolished on 27 January 1866 and all 
manufacture of calamine brass was terminated (Aitken 1866, 31).
The musical instrument maker in the first half of the century had access to brass 
sheets or cast components prepared by two different methods, the cementation 
process and the direct method. Although Champion first devised a scheme in 
the 1740’s, zinc production was a costly business, and the cementation process 
was still carried out until at least the 1830’s. In Europe the production centre at 
Stolberg as a source of calamine and therefore brass declined.
The musical instrument maker therefore had at his service brass sheets made 
from imported zinc, using either home-produced copper or imported copper.
The Saltford Mill archive records that Mr Boosey (of current Boosey & Hawkes 
fame) visited the mill in the early part of the nineteenth century (Joan Day 
personal communication 2000). Apart from that there are no other known 
references to musical instruments associated with brass works.
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Canada) and it was not until the middle of the nineteenth century that pure 
nickel gradually began to find a use (Howard-White 1963, 41).
Nowadays nickel plating is commonly used on musical instruments, as a 
cheaper and more hardwearing equivalent to silver. But the period of nickel 
plating falls outside the end date of this study, for example a nickel plated 
saxophone in the Horniman Museum collections by Adolph Saxe dated to 1860 
and a nickel-plated bugle by Bennett & Bennett dated to the late nineteenth 
century in the private ownership of Mr Andrew Lamb. However it can identify 
incongruities such as an example given previously of a nickel-plated 
mouthpiece found associated with a seventeenth century German trombone 
(Horniman Museum No. 14.5.47/228).
On musical instruments nickel has been more commonly encountered as 
‘paktong’ or ‘German silver1, a ternary alloy of copper, zinc, and nickel (Chapter 
3.5). It has been primarily used for decorative ferrules and garlands, or for 
playing components such as valves and key plates. The distinction between 
Chinese paktong and ‘German silver* has been described by Bonnin (1924). A 
systematic study of paktong, using XRF, on articles made of nickel brass by Dr 
Brian Gilmour has enabled a chronology to be established, by plotting the 
quantities of trace elements such as iron in the composition (Gilmour and 
Worrall 1995; Pinn, 1999). The results of the analysis obtained as part of this 
study can be compared to their results (see Figure 12.15; Pinn 1999, 182-184).
6.4. Nickel Brass
Axel Cronstedt published the results of his research work in 1754 when he 
called the metal Nickel, derived from the name of the ore in which it was 
commonly found ‘ Kupfernickel*. Kupfernickel ‘Old Nick’ was so called because 
German miners when treating silver ores came across a red-coloured ore, 
which they thought might be copper. When no copper could be smelted from it, 
and as the fumes emitted by the ore on smelting was harmful to the miners,
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they thought that evil spirits or ‘Old Nick’ had been at work (Howard-White 
1963, 24). Cronstedt isolated nickel from the ore niccolite an arsenical nickel 
(NiAs). The real health problem, we can recognize nowadays, was the emission 
of arsenic found associated with the ore.
However until nickel was identified, nickel was an unknown component of a 
white shiny decorative hardwearing metal being imported from China, called 
‘paktong’ a translation of which is white copper. Bonnin’s treatise on paktong 
(Bonnin 1924) fully explains and identifies the history and use of paktong. 
Bonnin quotes a report published in 1763 by Du Halde on this remarkable 
metal. The most extraordinary copper is called Pe-tong, or white copper; it is
white when dug out of the mine, and still more white within than without it
looks exactly like silver* (Bonnin 1924, 19). In 1776 a Swedish chemist Gustav 
Engestrom published the first accurate account that the metal was a mixture of 
copper and nickel with a trace of cobalt and some zinc added. He goes on to 
say that paktong was bought at a high price from East India men bringing it 
back with them from China, and that “we could very well make it ourselves’ 
(Bonnin 1924, 23). However Engestrom like others of his day was presuming 
that paktong was made from one ore. However it is only recent studies carried 
out by a Chinese metallurgist that have shown that paktong is actually a mixture 
of two ores (Mei Jianjun 1995). Working on samples of ore from the original 
mines, Mei Jianjun showed that the nickel component was derived from one ore 
source and the copper from another nearby. Zinc was added later to the mix as 
a metal by the cementation process (Chapter 4; Pinn 1999, 34). Because of 
this confusion about the alloy, early attempts in Europe to imitate paktong did 
not succeed until around 1830 when it acquired its new name of ‘German silver* 
(Pinn 1999, 35).
6.4.1. Analysis of paktong and German Silver
Pinn in his book on paktong (1999) details the work carried out by Dr Brian 
Gilmour and publishes the results of their investigations. Notwithstanding some
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of the problems with the alloy outlined above, it is evident that the Chinese 
produced their paktong with a fairly consistent composition, and Pinn could 
state, although allowing for some exceptions, with some confidence that 
‘genuine’ eighteenth century pieces contain about 40-50% copper, 35-45% zinc 
and 5-15% nickel, plus 1-2% iron and traces of a few other elements such as tin 
and lead (Pinn 1999, 60). He also concludes that nickel brass containing about 
60% copper, >15% nickel and <25% zinc is probably German silver. That is to 
say that German silver contains lower levels of zinc but higher levels of copper 
and nickel than paktong (Pinn 1999, 62). The level of iron can also be 
indicative, being very low in German silver <0.5%, and usually from 1-2.5% in 
the paktong pieces. More than 95% of the 129 pieces tested as part of their 
study followed these guidelines (Pinn 1999, 68).
The main attraction to nickel brasses (often even today called by the misnomer 
of nickel silver) is their variety and depth of colour. 10-12 % nickel in the ternary 
alloy system (see Chapter 3.5) can give a pale yellow hue to the metal, to a 
silver white with 20-30% nickel. A greenish tinge can be achieved by altering 
the composition to a low nickel and high zinc in the region of 30:45%, while low 
zinc with nickel up to 20% can give a pinkish tinge (West 1982, 121).
6.4.2. Paktong, German silver and the Pace Family
The Pace family used paktong and German silver for key plates and valve 
parts. Direct comparison can be made with the analyses carried out by Pinn and 
Gilmour thus raising several issues. One, if the metal is identified as paktong 
does this mean that the whole instrument should be dated to before the 1830 
shed mark? And two, if the instrument by its design could only be dated to a 
post-1830 manufacture, does this imply either re-use of scrap parts from old 
instruments, or the using up of a stock supply. These aspects are discussed in 
Chapter 12.
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CHAPTER 7. APPLYING TECHNICAL STUDY AND TECHNICAL METHOD 
BY X-RADIOGRAPHY AND ENERGY DISPERSIVE X-RAY FLUORESCENCE 
(XRF)
7.1. Introduction
Removing drilled samples for compositional analysis or cutting sections for 
metallography from an instrument can leave very visible scars. The curvature 
of a tube makes it difficult to cut out a sliver without intruding over the brow of 
an affected curve (see Figure 7.1).
Bell
HM211a
FIGURE 7.1. SAMPLES (8x6mm) CUT BY THE AUTHOR FROM BUGLE BY 
MAYERS AND HARRISON (LB3)
Whilst in some circles it is debatable whether the ‘playability’ would be affected 
by this intrusion (see Appendix B2 Interview with Crispian Steel-Perkins, 285), it 
is in keeping with modern conservation philosophy, where the integrity of the 
object is a major consideration (Arnold-Forster and La Rue 1993, 23-33; Odell 
and Karp 1997, 1-7, Barclay 1999). One of the main aims of this study is to 
investigate non-destructive methods as tools that can be used to provide new 
and worthwhile information (Bacon 2000a).
Two types of equipment allow for qualitative and semi-quantitative non­
destructive examination and analysis of large objects: X-radiography and 
energy dispersive X-ray fluorescence (XRF).
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7.2. X- radiography
Use of imaging by X-radiography succeeds in answering many of the 
technological questions posed by modern day makers of replica early wind 
instruments (Gatti and Belloni [1994]; Lang and Middleton 1997; Musee de la 
Musique 2001). It is not intended to discuss this point excessively and it is only 
necessary to highlight how it is possible to identify by the use of x-radiography 
the changing nature of the diameter of tubes, and to show up repairs and 
additions.
In the case of the tubing to a trombone made in 1765 by Georg Reese, the 
enigmatic entry in the Horniman Museum’s history file (14.5.47/250) reads ‘the 
bore is obstructed’. The radiograph shows that the ‘obstruction’ has the 
appearance of solid brass stair rod with threaded end (see Figure 7.2).
FIGURE 7.2. X-RADIOGRAPH OF TROMBONE BY GEORG REESE (14.5.47/250) 
SHOWING ‘STAIR ROD’ RESTORATION
X-radiography also shows up solders, brazing, jointing, and the accretions that 
accumulate on the inner surface of tubes. It also reveals working marks, such 
as hammering, and methods of manufacture, such as pleating at the bend of a 
tube, not smoothed out properly in the finishing.
However, other manufacturing methods, such as the use of solder, can obscure 
detail (Lang and Middleton 1997). In the case of the William Bull horn in the 
Horniman Museum collection (14.5.47/307) lead solder applied to the ‘collars’
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obscured evidence on whether the edges joined had been cut clean or whether 
a ragged break between the bell and the back bow had merely been covered by 
the ‘collars’ and the solder (see Figure 7.3).
Narrow collar
Solde
FIGURE 7.3. X-RADIOGRAPH OF COLLAR INSERTS TO HORN BY WILLIAM BULL (14.5.47/307)
A video endoscope (courtesy of Olympus Microscopes) was employed to 
establish that the edges had been clean cut.
X-radiography is one of the most accessible and revealing tools that 
musicologists and conservators can employ to check or confirm surface 
observations, and to document instrument parts.
7.3. Energy dispersive X-ray fluorescence (XRF)
X-radiography, however, cannot answer questions on the composition of the 
alloys used in the manufacture of musical instruments, or their method of joining 
whether by soldering or brazing. To identify approximate compositions of the 
different components of the instruments being studied non-destructive analysis 
was carried out using energy dispersive X-ray fluorescence (commonly called 
EDAX or simply XRF).
XRF is a method of qualitative chemical analysis which is carried out by aiming
an X-ray beam at the surface. This generates X-rays characteristic of the
elements in that sample (Hatcher 1993). The atoms are excited by the radiation
and one or more electrons is ‘knocked’ out of the inner orbitals. The gap is filled
by electrons falling from a higher level and losing their extra energy as X-rays. A
detector picks up the signals (Ferretti 1993,11-17). Energy dispersive X-ray
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fluorescence operates by collecting counts from the detector, separating them 
according to energy and displaying the X-rays generated as a spectrum 
(Henderson 2000, 15-16). There are usually at least two peaks for each 
element. This is because of the energy transition that occurred. If there is one 
vacancy in the inner energy level then there are a number of possible 
transitions to fill it The likelihood of each of these is ‘fixed’ thus there is always 
a Kp peak if there is a Ka peak. And likewise for L and M lines etc. In essence if 
there are K lines then there must be higher energy L and M lines because the 
‘gap’ left by the first electron has to be filled. For high Z elements (where Z is 
atomic number) for example lead or gold, only the L lines are excited. The 
position and relative heights of the peaks in the spectrum can be related to 
reference standards of known composition and give a qualitative result 
(Bowman 1991, 187). Usually the strongest peak, the Ka, is used, but where 
there is an overlap of peaks then another weaker peak is used, the Kp or La. 
This is particularly noticeable with the peaks for copper and zinc, where the Kp 
for copper overlaps the Ka for zinc, and for lead and arsenic, where the first L 
line for lead overlaps the Ka for arsenic (see Figure 7.4).
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The numbers of counts for each peak can be compared to those in known 
standards to provide quantitative analysis (Hatcher 1993). For most elements 
this computation in determining actual peak area, can be fairly straightforward, 
however the calculations to get percentage compositions are more complex.
For example if both lead and arsenic are present, the software in use may only 
assign one or the other. The fact that both elements might be present can only 
be assessed from the spectrum. Following the procedures suggested by Dr 
Brian Gilmour to quantify the two, the counts in each peak are measured and a 
manual estimate made of their relative compositions. This was routinely done 
with results from the RLAHA and used as an assessment strategy for this 
thesis. Two spectra were run, one from a standard containing a similar quantity 
of arsenic, for example, and another from a surface reading. Both spectra were 
recorded at the same scale. The height of a peak was measured from the 
standard and then compared to the reading. If there was no lead present the 
calculation was quite straightforward. If lead was present then the peak height 
for arsenic would have to be deducted first and the lead calculated against a 
similar peak measured from another standard.
A question that was asked by a musicologist whilst working on the Simon Beale 
trumpet (Bate x78) was, ‘could XRF be wrong’? Based on the above, XRF 
cannot “be wrong”, but it can be misinterpreted. The situation outlined above 
emphasises the need to ‘assess’ the spectra to clarify for each analysis whether 
certain elements are present (Graham Martin, personal communication 2000).
Most of the equipment used for this study utilised software programmes that 
automatically totalled concentrations to 100%, usually called ‘normalised’ 
concentrations. Other equipment such as that used at the Victoria and Albert 
Museum (V&A) gives the ‘raw’ data that then has to be processed.
Energy dispersive XRF was selected as a method of analysis because it can be 
a ‘free standing’ system that allows a complete instrument such as a horn or 
ophicleide, which cannot be broken down into smaller components, to be 
examined (see Figure 1.3). The examination therefore is always carried out in
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air, and not under vacuum, and is of the surface only, with the depth of the X- 
ray penetration depending on the accelerating voltage (kV) utilised. Elements of 
atomic number lower than sodium cannot be analysed, due to X-ray absorption 
in air (Dr Joyce Townsend personal communication 2003). XRF data here are 
comparative rather than absolute and the quantifications are set against known 
calibration standards. Much time therefore was spent setting up the standards 
and calibrating the equipment (see Chapter 8). The method can be described 
as qualitative, and can be measured quantitatively. Because of the uncertainties 
due to geometric features, such as the curvature of tubes, perhaps the process 
should be considered semi quantitative (Ferretti 1993, 13). The accuracy of 
quantitative results is improved if the surface under inspection is flat and 
uniform (see Chapter 8). The area of analysis of the x-ray beam can include an 
area of diameter ca10mm and can penetrate to a depth of 10-20 microns in the 
upper surface layer. For all the XRF equipment used only an estimate can be 
given for the depth of penetration. The primary X-ray beam penetrates deeper, 
but the depth depends on the intensity (i.e. atomic number) of the metal. The 
fluorescent X-rays are lower energy so only escape from the upper surface 
layer. For example silver Ka lines will be coming from deeper down than copper 
Ka lines. The RLAHA estimate penetration of 10-20 microns for copper alloys, 
and the National Museums of Scotland (NMS) comments that for other 
elements it could be up to 50 microns. The V&A does not like to put a figure on 
it at all. This aspect further depends on the XRF equipment and computer 
software employed and the methodology required for interpreting the data 
(Henderson 2000, 16) (see Figure 7.7).
The XRF data allow estimates of actual alloy compositions. This clarifies which 
alloys are involved whereas past identifications may have been based on 
colour, form, and technological knowledge (Craddock et al 1998, 118). It is 
possible that minor elements may help to determine if the same sheet metal 
compositions were selected for different components.
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7.4. Restraints upon the method to be employed
i) Sampling must be totally non-destructive and not leave any marks or 
intrusions into the surface of the musical instrument.
ii) The system must be ‘free-standing’ to allow for large awkwardly 
shaped instruments.
iii) The system must be capable of quantitative as well as qualitative 
results.
iv) Sampling and analysis procedures across the study must be 
consistent as to the parts of the instrument analysed
v) The results must be comparable across the different XRF equipment 
used for the study. Standards must include the assessment of at least 
two ‘common denominatoT or internal standards which are assessed 
by each XRF system.
vi) The viability of the method must be backed up by examination of 
sections taken from ‘sacrificial’ instruments.
vii) Cost would be a factor in how many samples could be taken from 
each musical instrument.
viii) The equipment had to be within a reasonable travelling distance from 
the home location of the musical instrument.
ix) For consistency the researcher must be present to select the analysis 
positions and query and check the data as it is produced.
7.5. Developing the method 
7.5.7 Surface Preparation
Musical instruments are usually treated as historical artefacts, with few 
exceptions such as those mentioned in Chapter 1 (Figure 1.1). They have not 
been buried and therefore have not suffered the degradations and deterioration 
processes that most archaeological material has been subjected to. By their 
nature and use as playing musical instruments, the surfaces have been 
maintained reasonably ‘clean’. Although some of the instruments examined as 
part of the study show signs of conscious neglect, in that their owners have not 
cleaned them for fear of causing damage, it can be shown that the penetration 
limits of the XRF equipment used (see Figure 7.7), where depths of 10-20
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microns can be achieved, indicate that any light oxidation of the surfaces would 
not be problematic. This outcome is supported by the studies on ‘sacrificial’ 
instruments (see Chapter 9). Therefore, in terms of de-greasing or polishing, no 
surface preparation was carried out on any of the musical instruments 
examined for the study.
7.5.2. Selection o f sample areas
In modern times the bell of a musical instrument is often made from a slightly 
different grade of metal from the tubes. Other parts such as valves and keys, or 
decorative features such as garlands, could be ordered from a totally different 
manufacturer. Charles Pace (1803-1867) not only manufactured his own 
instruments, but also ordered others from contracted craftsmen (see Figure 7.5; 
Cyfarthfa Papers).
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Consequently for consistency, as would benefit a conservation technical report 
and as information for the curator and musicologist, the following areas were 
examined on all instruments: the bell, the garland, a tube and the mouthpiece 
receiver. And then other parts were examined as dictated by the type of 
instrument or the repairs/alterations carried out on it. For example, a hunting 
horn by Hofmaster (SH1) (see Vol. 2 Figure F.23), where the bell and the three- 
looped tube is constructed of one single piece of metal, would only warrant one 
analysis of the bell and maybe one of part of the tubing further round, whereas 
a hunting horn by Winkings (2493) (see Vol. 2 Figure F.18) made up of a bell 
and three or four parts of tubing would warrant more. On the other hand the 
‘much loved and played* 11-keyed Ophicleide by Charles Pace & Sons, 
belonging to Frank Tomes (105LAS) (see Vol. 2 Figure F.75) has been patched 
and repaired so many times, that ultimately cost dictated how many analyses 
could be carried out on the musical instrument.
The areas examined are listed for each instrument in Volume 2 Appendix F.
7.5.3. Sourcing XRF equipment
Because of the large, awkward shaped nature of musical instruments and the 
fact that they are in museums or private hands, XRF equipment had to be 
sought as near to the home location of the objects as possible. To avoid having 
to seek insurance to transport the instruments to the XRF locations this 
research has depended a great deal on the goodwill and interest that curators 
and private owners have shown in the purpose of this study, and their 
willingness to courier their instruments, or in the case of private owners, to 
entrust their possessions to the author’s care.
Free-standing XRF or mobile systems are quite rare. Most XRF equipment is 
only suitable for very small objects or samples, and XRF is usually done in a 
sealed chamber under vacuum (see Figure 7.6).
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FIGURE 7.6. EPMA AT IOA
For example the Institute of Archaeology has two XRF systems, the electron 
microprobe which will be discussed later as a support system investigating the 
‘sacrificial’ instruments for the project (see Figure 7.6), and an alternative XRF 
system supplied by Spectra X-Lab. This latter equipment, only recently acquired 
by the Institute, was not fully operational for quantitative work at the time of the 
analytical work for this study. It is potentially useful for analysing small parts, 
such as crooks or mouthpieces, which could be inserted into the source 
chamber. However it still does not allow for large bulky items to be examined.
At the time of this study there were several analytical centres where free­
standing XRF units could be used:
1. Oxford. The Research Laboratory for Archaeology and the 
History of Art (RLAHA) of the University of Oxford 
Operator: Dr Brian Gilmour
The majority of the specimens examined as part of this study were 
carried out at this laboratory. Oxford’s location made it reasonably 
accessible by road for receiving musical instruments from as far 
afield as Plymouth and Norwich. The academic focus of Oxford 
with its many museums in addition made it a more attractive 
proposition for curators to courier their objects. As an added 
benefit using the same equipment also allowed for better 
consistency in the results.
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2. Leeds. Roval Armouries Museum (see also point 4 below). 
Operator: Dave Starlev
It was hoped to carry out analysis on at least nine instruments 
from collections around Leeds, but unfortunately the equipment 
broke down and it is not expected to be repaired until 2003, 
outside the time frame of this thesis.
3. Edinburgh. National Museums of Scotland (NMS).
Operators: Dr Kathv Eremin and Laurianne Robinet.
The next largest group of instruments was carried out on this 
equipment mainly from collections in Edinburgh and Glasgow.
4. London. Operator: Dr Brian Gilmour.
At the outset to this PhD study, the Royal Armouries were 
based at the Tower of London and some initial analysis was 
carried out there (TOL).
5. London: Operator: Dr Lucia Burgio
Both the Victoria & Albert Museum (V&A) and The British 
Museum have free-standing equipment. The British Museum 
equipment was not available. Some objects were analysed at the 
V&A.
Mobile XRF units were investigated. The main one available is in the charge of 
the Department of Earth Sciences at The Open University at Milton Keynes 
(Williams-Thorpe et al, 1999). However the cost of hiring this equipment made it 
prohibitive.
All the XRF equipment used was capable of quantitative as well as qualitative 
analysis.
7.6. Assessment o f XRF systems (see Figure 7.7)
The different systems used for the study are set out below. All the operators 
have great skill in working their XRF equipment and much of the interpretation 
particularly of the depth of penetration and the detection limits is often based on 
their experience of how the system performs. Even allowing for the British
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EQUIPMENT kV RUN
TIME
(SEC)
REFERENCE
STANDARDS
DETECTION 
UMIT (EST.)
SOURCE
AREA
(DIA)
DEPTH
PENETRATION
(EST.)
RAW
DATA/
TOTAL
GIVEN?
TOTALS 
NORM’ TO 
100%?
RLAHA, Oxford 
(Oxford Instruments BMRL 
PVCA-II software)
40 300
Cobalt 190301 
CZ106, CZ126 
FT nickel brass 
BNF standards
0.1% 3-4mm 10-20 micron X V
TOL, London (Kevex with 
EXACT software)
20/40/60 300 BNF Standards 0.1% 5mm 20 micron X V
NMS, Edinburgh 
(Oxford Instruments ED2000, 
software ED2000SW Version 
2.42)
35/50 300
Rhodium 
CZ106, CZ126 
BNF standards
0.05-0.2% 4 x2mm 10-20 micron V V
V&A, London
Spectrace 6000 hardware and 
software
35 100
Rhodium 
CZ106. CZ126 
BNF standards
Assessed from 
spectra-area of 
peaks
24mm 10-20 micron V X
FIGURE 7.7. COMPARISON OF XRF EQUIPMENT
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Standards used by most of the XRF operators, because of the ‘human factor’ it 
did become of paramount importance that there was a separate set of 
standards (the common denominators or internal standards), which could 
circulate around all the units. This is described in detail in Chapter 8. It was 
also very important to query the data as it was produced so that the operator 
had to explain why they could be ‘dismissive’ about some of the results reached 
particularly at the lower values and limits of detection.
Some of the functions of the different XRF equipment used is summarised in 
Figure 7.7. With all the equipment the source is a fixed point. The musical 
instrument itself has to be moved around to locate the area to be examined.
7.6.1. Research Laboratory fo r Archaeology and History o f A rt (RLAHA) 
Oxford University (see Figure 1.3)
The information provided below is from Helen Hatcher (Hatcher 1993), personal 
communication Dr Brian Gilmour, and software operating instructions provided 
by Dr Mike Cowell (Cowell 1992).
The XRF system was set up in ca.1992. The hardware was supplied by Oxford 
Instruments and put together by the RLAHA under the directorship of Dr T. Hall. 
The system is now maintained and serviced by Gresham Scientific Instruments, 
Marlow, Bucks. The software (BMRL PCA-II) is written by Mike Cowell of the 
British Museum Research Laboratory, and used by the RLAHA until it was 
updated in October 2002. However all the analyses carried out for this study 
were on the BMRL PCA-II software.
The system uses an X-ray tube energy source with a rhodium target run at 
40kV and 4 mA, with a pure cobalt start up system (CO 190301). The detector 
is provided with a lithium-drifted silicon crystal. This is kept cold in a liquid 
nitrogen-filled dewar. The crystal is a semiconductor and picks up the 
secondary X-rays. The signals are differentiated by X-ray and assigned to 
separated channels so that a complete spectrum is built up over a specified
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counting time. The run time is 300 seconds, which is the full time ‘switched on’. 
This is then considered in terms of ‘dead’ time and ‘live’ time. The live time is 
when the system is actually counting, the dead time is the percentage of time 
when the computer switches off the detector to allow it to finish processing the 
peaks received so far. In this case it is five seconds (see Figure 7.4). The 
results are given in % composition and the software programme is set up to 
normalise all concentrations to 100%.
Files (in a suite of up to five standards) of known BNF standards are already on 
the system and these are spot checked against selected BNF standards at 
regular intervals. File titles used were ‘horn4.cfg’ for the copper alloys 
‘solder2.cfg’ for the lead/tin solders, and ‘paktongl.cfg’ for the nickel brasses. 
The standards used in each are listed in Figure 7.8. The certified concentrations 
of each standard are listed in Figure 7.9.
Hom4.cfg Solder2.cfg Paktongl.cfg
AC13 SNPB2 PK2
AC31 SNPB1 PK4
PK2 PK2
BCS207 BCS207
GERMA C50-20
FIGURE 7.8. TABLE OF STANDARDS IN EACH FILE SUITE (RLAHA)
The primary beam is collimated to give a source area about 3-4mm in diameter 
and the position on the musical instrument is located by means of a ‘pointer’ 
(see Figure 7.10). The pointer is withdrawn before analysis. The penetration is 
estimated to be between 10 and 20 microns for copper alloys.
FIGURE 7.10 DETAIL BEAM SOURCE AREA SHOWING ‘POINTER’ GUIDE (RLAHA)
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STANDARD %Cu-Ka %Pb-La %Zn-Ka % Sn-Ka % Nl-Ka % Fe -  Ka % A s- Ka % Sb-Ka % Ag-Ka %Co-Ka
AC13 75.53 0.00 21.61 0.00 0.00 0.00 0.10 0.00 0.00 0.00
AC31 62.00 2.00 36.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PK2 65.90 0.76 14.83 1.79 1.79 1.34 0.02 0.00 1.17 0.06
BCS207 86.84 0.41 2.53 9.80 9.80 0.06 0.05 0.04 0.02 0.00
GERMA 93.50 2.85 0.00 0.70 0.70 0.04 1.00 0.58 0.95 0.07
SNPB2 37.00 63.00 0.00
SNPB1 50.00 50.00 0.00
C50-20 11.00 9.00 0.06
BNF C51.14-2 89.28 <0.01 0.56 0.08 0.20 0.73 0.36
MBH B10F 60.30 (0.48) 35.44 (0.15) 1.60 1.90 (0.02)
MBH GM8B 81.90 6.3 7.20 3.80 0.20 0.34 0.03 0.04 0.16
CTIF4763 95.09 0.043 0.059 0.042 0.105 0.031 1.53
CT1F B10 83.55 4.07 2.77 7.00 1.01 0.170 0.0075 1.14
BNHCu 100.00
14958B 89.05 10.95
C71.23 82.17 4.20 6.10 6.20 0.65 0.14 0.18 0.19 0.01
C50.03 78.61 8.40 1.30 8.50 2.20 0.03 0.20 0.40
FIGURE 7.9. SUMMARY OF ELEMENTS IN EACH STANDARD
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Interpretation of the results is by examining the spectrum as it forms to check 
that the data being acquired are reasonable, particularly as set against the 
standards. Peak heights on the spectrum and the resolution are indicated by the 
concentration counts per second (cps). Count rates between 100 and 200 cps 
indicate that the detector has sensed that an element is present, but not in 
sufficient quantities to give an adequate peak on the spectrum; as such the 
results can only be considered as a trace (tr). Over 200 cps the counts indicated 
by the software is reasonable and can be confirmed against the spectrum 
(personal communication Gilmour 2000). The detection limits are estimated as 
0 . 1% .
Consequently in the analytical data shown for each musical instrument 
analysed at the RLAHA in Volume 2 Appendix F, counts between 100-200 have 
been denoted trace (tr) and the percentage result for anything over 200 cps has 
been recorded.
7.6.2 National Museums of Scotland (NMS), Edinburgh (see Figure 7.11)
FIGURE 7.11. SET UP AT NMS SHOWING DIFFICULTIES OF POSITIONING INSTRUMENTS 
(DR KATHY EREMIN OPERATOR)
The information provided below is from Dr Kathy Eremin in the form of an 
information sheet and technical information supplied by Oxford Instruments. 
Personal communications were had with Dr Eremin, Dr Jim Tate, Paul Wilthew 
and Laurianne Robinet.
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The XRF system was set up in 1995 using equipment and software supplied by 
Oxford Instruments: ED2000 and software ED2000SW version 2.42. The 
system is maintained and serviced by Oxford Instruments and on a routine daily 
basis by the NMS. The system follows the same set up as for RLAHA at Oxford, 
both sets of equipment being provided by Oxford Instruments. The only 
difference is that the RLAHA equipment is run on software provided by the 
British Museum, whereas the NMS unit uses software provided by Oxford 
Instruments. Consequently there are some subtle differences in the way the 
results are achieved and presented.
Run time is 300 seconds. Two modes are used: initially with the primary X-ray 
beam filtered through a thin silver filter at 35 kV for 100 seconds live time; and 
then through a thicker copper filter at 50kV for 200 seconds live time. This 
ensures maximum detection and sensitivity for all elements of interest in copper 
alloys. Iron, nickel, copper, zinc, arsenic and lead are collected under the former 
condition and silver, tin and antimony collected under the latter. Consequently 
on the data sheet in Appendix F for each instrument examined at NMS, the kV 
is noted as 35/50.
The results are given in % composition normalised to 100%, but in addition a 
raw data % total is also provided.
A file called ‘Horniman alloys’ of known British BNF standards was loaded onto 
the system and spot checked against BNF standards as required. The file 
consisted of the following standards: BNF C51.14-2, MBH B10F, MBH GM 8 B, 
CTIF 4763 and CTIF B10. The components for each standard are listed in 
Figure 7.9.
The primary beam is collimated to give a source area approximately 4mm x 
2mm. The position on the instrument is located by means of two red laser 
beams, which exhibit themselves as red dots shining on the surface. They are 
brought together by moving the musical instrument to make the two spots one
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and focus the beam. The point of intersection of the laser beams is where the x- 
ray beam and angle to the detector are correct.
Interpretation is through the calculated results given in parts per million (ppm) 
for the lower levels of detection, and % concentrations for the higher levels, all 
normalised to 100%. As with the Oxford-based equipment the lower detection 
limit is typically in the range of 0.05-0.2%. However if results are less than 0.1% 
this indicates that the detector has sensed that an element is present, but not in 
sufficient quantities to give an adequate peak on the spectrum; as such the 
results can only be recorded as a trace (tr). In effect results less than 100ppm 
should be considered unreliable i.e. not detected, and only results over 500ppm 
should be considered and viewed against the spectrum and possibly quantified 
(Eremin personal communication 2002).
Consequently in the analytical data shown for each musical instrument 
analysed at the NMS in Volume 2 Appendix F, counts of less than 100ppm are 
not noted, readings between 100 and 500 ppm have been denoted trace (tr), 
and the percentage result for anything over 500ppm has been converted to a % 
concentration and recorded.
7.6.3. The Victoria & A lbert Museum, London (see Figure 7.12)
FIGURE 7.12. XRF AT THE V&A
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The information below has been provided by Dr Graham Martin and Dr Lucia 
Burgio in the form of an information sheet, personal communications, and 
technical information supplied by Spectrace Instruments.
The XRF system was set up in 1996. The XRF hardware (6000) and software 
(6000) were supplied by Spectrace Instruments of the U.S.A. This company has 
now gone out of business and the system is maintained and serviced by the 
Thermo Electron Corporation of Cambridge.
The primary X-ray beam is produced by a rhodium target X-ray tube, and for the 
purposes of the musical instruments examined as part of this study, was run at 
35 kV and 0.20 mA. Live time is 100 seconds. The system is not set up to 
normalise concentrations to 100%, but provides the raw data.
British BNF standards are entered onto the system as determined by the 
material being examined. The following were used for this study: Cu 100%, 
14958B, C71.23, C50.03. The components for each standard are listed in 
Figure 7.9. It is extremely important that at least two if not three standards are 
run in the percentage range for each element to be analysed. Otherwise the 
calculations to achieve qualitative results can be distorted, and normalised 
quantitative results would be impossible to calculate.
Similar to the other systems the primary beam is collimated to give a source 
area approximately 2.4cm in diameter. Two laser beams of red light which 
exhibit themselves as red dots on the surface are brought together, by moving 
the musical instrument, to focus the beam. The beams are switched off prior to 
analysis.
The V&A system provides non-normalised raw data only. Interpretation of the 
data is by measuring the area of the peaks on the spectrum itself, not just the 
peak height (for an example of a spectrum see Figure 7.13). This is calculated 
by choosing the strongest peak (or if an overlap occurs, the next most 
appropriate one) for each element of interest and calculating its area. This is
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carried out by fixing the cursor on the screen to the lowest and highest region of 
interest (ROI) of the peak. The software calculates figures for the gross area 
and then the net one. The value for rhodium (Rh) is consistent and is used as 
an ‘internal’ standard. To reach a raw data figure in % the formula worked to
e  2 4 6 8 18 12 14 14 18 28 22  24 24 28  30 32  34 34 38  40
KEV
FIGURE 7.13. EXAMPLE OF A SPECTRUM PRINTOUT FROM THE V&A FOR BELL OF WILLIAM
BULL HORN (14.5.47/307)
therefore is:
1000 x net of element = corrected count 
Rh net
The corrected count is then plotted on an Excel spreadsheet using the values 
for the standards run to gain the elemental raw data percentage. The 
importance of several standards for each element is vital at this point otherwise 
the programme cannot calculate with any confidence the final result. An 
example of this is discussed below with the values for silver. Once the raw 
percentage is calculated a normalisation to 100% can be achieved by adding up 
the totals of all the elements analysed. As only the peaks that show on the 
spectrum are assessed the sum therefore can be assumed to be 100%. Each 
sum figure is multiplied by 100 over its raw % total, e.g. if the raw data totals 
were:
Cu 70%, Zn 20%, Sn 5%, the sum = 95%.
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100 divided by 95 = 1.0526315.
Multiply each raw % total by this figure to give Cu 73.7%, Zn 21.1% and Sn 
5.2% = 100%.
A practical detection limit of 0.1% by weight is assumed (personal 
communication Dr Lucia Burgio 2003).
As not enough standards were run for one of the elements, silver, only raw data 
totals can be given for the results from the analyses for that particular part of the 
instrument. Normalised data can only be calculated for instruments or parts of 
instruments where silver was not present in any great quantity. In this case both 
raw and normalised totals are noted (e.g. see Trumpet by John Harris 
(RCM189) Vol. 2, 402-404).
7.6.4. The Royal Armouries, Tower of London, London (TOL)
The information provided below is by personal communication from Dr Brian 
Gilmour who operated the equipment when it was based in London and from a 
brief summary in the Royal Armouries Yearbook for 1996 (Gilmour 1996, 63). 
The XRF equipment was moved from the Tower of London to Leeds when the 
Royal Armouries transferred to their new museum, but it has since been 
replaced by new equipment.
The XRF system was set up in 1985 using Kevex equipment and a version of 
their own software called EXACT.
Each run time including dead time was usually about 100 seconds, with the 
system run at 20 kV at 2mA, 40 kV at 2.5mA and then 60 kV at 3mA. The 
results are given in % composition normalised to 100%.
The Tower of London system differs from all the others in that it was not 
possible to set up a suite of standards in a file. Only one standard per analytical 
calculation could be used at a time. Each standard had to be specified as 
opposed, for example, to the RLAHA equipment where suites of files could be
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set up. In addition the analysis carried out at the Tower of London was in the 
early days of this thesis before the three internal standards were available and 
when methodologies for the study were still being developed. As a result there 
is less detail to be had from these results, but this does not significantly detract 
from their usefulness. The results from the TOL have been noted to the 
individual instruments where appropriate. Some of the musical instruments 
were re-examined at the RLAHA in Oxford, and although the early routine was 
sometimes lacking in the discipline applied later on in the study, the results are 
still considered valid and correspond well to later results (see horn by William 
Bull (14.5.47/307) Vol. 2, 399-401).
7.7.Summary (see Figure 7.7)
Some consistency of results was achievable between the two largest groups of 
instruments analysed. The equipment at the RLAHA and NMS was similar, and 
although utilising different software, the underlying premise and capability were 
the same. Although the equipment used at the TOL functioned in a different 
manner to the equipment at RLAHA, the data collected was judged comparable. 
The equipment at the V8A functions differently to the others and the XRF data 
have to be considered in that light.
Overall the assessment has shown that even when the methodology has not 
been developed, such as with the use of the TOL equipment and the problems 
encountered with the V&A system, future users of XRF for examining musical 
instruments who might not employ the discipline of this study should still 
achieve worthwhile comprehensive data.
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8. I. Introduction
Since several different XRF systems were used in this study the comparability 
of the XRF data from different laboratories had to be taken into consideration. 
Inter-laboratory comparisons and the use of standard reference materials has 
been a major long-term concern in archaeological science. In 1971 W.T. Chase, 
then head conservator at the Freer Gallery of Art in Washington, conducted a 
comparative analysis programme involving twenty one participating laboratories 
around the world (Chase 1974, 148-185). In this project two ancient corroded 
bronze objects of different compositions were each reduced to powder, sieved 
and mixed to a homogenous mass. The sub-samples were then sent out to the 
laboratories. At least five different methods of analysis, including non- 
dispersive XRF (energy dispersive systems were not devised at this time), were 
used by the laboratories. In general, Chase felt that the results were ‘fairly 
good’ but discrepancies existed that were attributed to heterogeneity of the 
sampled metals. At that time many of them were to do with the variable use of 
reference standards by the participating institutions. In his conclusions Chase 
emphasised that the ranges and compositions of unknowns and standard 
reference materials should be decided upon before commencing any project of 
a similar nature (Chase 1974, 184). Leese also makes this point very strongly in 
her PhD thesis on a statistical approach to the study of ancient copper alloys 
(Leese 1981).
Consequently a checking procedure using British BNF Standards as well as 
other selected internal standards, the common denominators, common to all the 
laboratories, was instituted.
8.2. Selected reference materials
During the interview with Andrew Taylor (see Appendix B1) it was possible to 
collect samples of the two brass materials that he commonly uses. Later, after
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a visit to Boosey & Hawkes, musical instrument makers, it was learned that they 
too used the same two basic brasses for manufacture: CZ106 sheet metal for 
making bells and CZ126 in tube form for tubes. At least these two brasses were 
used for comparison of the data to the different XRF facilities. The exception is 
the work done at the Royal Armouries in London (TOL), which was carried out 
before the interview was conducted with Andrew Taylor and the two commercial 
brass compositions were unavailable.
A third sample collected from Andrew Taylor was CZ101 a sheet metal 
commonly called red brass or gilding brass, which because of its colour he uses 
for more decorative instruments. This was also used as a standard at the NMS 
and the RLAHA. Andrew Taylor receives his supplies of brass from J. Smith & 
Sons, Clerkenwell, London. The figures quoted by Smith & Sons are said to be 
based on BS2870-2875, but are intended to be a general guide only to 
performance and application suitability. Their description of the metals is shown 
in Figure 3.3 and summarised below. These commercial brass compositions 
have recognized relatively wide compositional ranges for copper and zinc.
i) CZ106 (BS2870/5):- Deep Drawing Brass 70/30: Cu% 68.5-71.5; 
Pb% 0.05; Fe% 0.05, impurities % 0.30, the remainder being zinc 
(sheet brass used by Andrew Taylor and Boosey & Hawkes for 
bell making).
ii) CZ126 (BS28711: Arsenical Brass: Cu% 69-71; Pb% 0.07; Fe% 
0.06; As% 02-.06;impurities % 0.3, the remainder being zinc 
(brass in tube form used by Andrew Taylor and Boosey & Hawkes 
for tubes).
iii) CZ101: Gilding Metal: Cu% 89-91; Pb% 0.05; Fe% 0.10; 
impurities% 0.40; remainder zinc. Provided as sheet metal. In the 
catalogue it is described as gilding metal: the term covers 
copper/zinc alloys containing between 5 and 15% zinc which
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possess shades of colour from the red of copper to a brassy 
yellow.
A fourth common denominator sample was a sample of nickel brass collected 
from and used by Frank Tomes (maker and collector) for ‘white metal’ work.
The sheet metal was bought at a model makers’ fair and therefore no 
information was available yet as to its supplier or composition.
The commercial brass compositions are not reference materials. Nevertheless, 
four examples were selected to use for inter-laboratory comparisons.
8.2.1. Assaying the commercial brass samples with EPMA
The above four samples were ‘assayed’ by Dr Chris Salter of the Electron 
Microscopy and Micro Analysis Group (EMMG), Department of Materials, 
Oxford. As such they can be considered internal ‘standards’ and all results for 
these samples are set against them (see Figures 8.2 and 8.3). The samples 
were mounted in conductive bakelite and polished to 1pm.
The samples were run on two systems: (A) energy dispersive spectroscopy 
(EDS), and (B) wavelength dispersive spectroscopy (WDS). How energy 
dispersive spectroscopy operates has been discussed in Chapter 7. 
Wavelength dispersive spectroscopy differs from energy dispersive in that it 
relies on the manipulation of crystals causing a secondary X-ray to be detracted 
at a certain angle, according to its atomic number, to improve sensitivity and 
precision. The dispersion of this secondary X-ray is greater than with energy 
dispersive systems which makes it possible to separate the peaks more 
completely and therefore detect elements at a lower level (Henderson 2000,
16). The spectrometer is being used to produce a display of intensity versus X- 
ray wavelength, as opposed to intensity versus X-ray energy as in EDS 
(Bowman, 1991, 183). The system can also be set up to carry out several runs 
overnight, in this instance ten which makes it more productive than the EDS
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which has to be set up each time, and where five runs is more typical. The two 
systems are compared in Figure 8.1.
The advantage to WDS lies in its greater sensitivity and resolution (Bowman 
1991, 183). The results therefore collected by this method are considered more 
accurate and are used as the internal standards to set the common 
denominator samples against in this study (Chris Salter personal 
communication 2003). The EMMG EPMA results for example for CZ106 and 
CZ126 are set at the top of each column in Figures 8.4 and 8.5.
(A) Jeol 840A energy dispersive spectroscopy with an Oxford Instruments 
system attached to it (EDX Oxford INCA). All elements are analysed on 
the Ka peaks.
(B) Jeol 8800 R wavelength dispersive spectroscopy.
S, Fe, Co, Ni, Cu, Zn used K a lines
As, Sb, Sn, Ag, used La lines 
Bi, Pb, Au used Ma lines
SYSTEM kV RUN
TIME
(SEC)
DEAD
TIME
DETECTION
LIMIT
RAW DATA
TOTAL
GIVEN?
TOTALS 
NORMALISED 
TO 100%?
(A) 20 100 25-30% 0.1 % V If required
(B) 20 240-300 AUTO 0.005-.01% V If required
FIGURE 8.1. SUMMARY COMPARISON TWO SYSTEMS
The results from the Jeol 8800R wavelength dispersive spectrometer are so 
consistently within 0.5 % or less from 100% accuracy that the raw totals could 
be used as the data to compare other samples against, and are therefore not 
normalised to 100%.
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8.3. British Standard reference materials
All the XRF operators used British Standards for calibration (see Figure 7.12). 
These are a series of agreed compositions that are prepared by the BNF Metals 
Technology Centre. Most of the standards in use at the different institutions are 
some years old and at the time that they were supplied, the assaying was 
probably carried out by atomic absorption. Nowadays, similar to the EMMG, 
they use scanning electron probe spectroscopy to assay samples. The 
microstructure and homogeneity need to be highly controlled for microanalysis 
standard reference materials. The BNF supply the certificates of analysis; the 
standards are then marketed through MBH Analytical Ltd of Barnet, Herts, 
England.
8.4. Institutional standards
The Institute of Archaeology, University College London (IOA) and the 
Research Laboratory for Archaeology and the History of Art (RLAHA) of Oxford 
University also have standard sets of their own. Most of these are standard 
reference materials purchased, assayed in the past, checked by atomic 
absorption, which have been used in research projects carried out at these 
institutions. One example is the paktong suite of standards used at RLAHA by 
Dr Brian Gilmour (see Figure 7.12). Similarly the four samples mentioned above 
will also pass into the selection of standards available to future researchers.
8.5. Comparison o f standards to common denominator samples
The two most consistently used common denominator samples by all the XRF 
units were the CZ106, for bells, and the CZ126 used for tubes. These two will 
be used as examples and compared here. Two of the elements of concern to 
this study are copper and zinc, and they are selected as examples to test the 
comparison. The same samples were run at least once at the beginning of each 
session, and only occasionally a second time. Consequently there are a small
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number of readings, all taken at different times and not necessarily on exactly 
the same spot of the metal sample compared to the EMMG mean result which 
was achieved by running separate analyses on the same spot consecutively 
(see Figure 8.2 and 8.3).
Visually it is possible to see on the tables how the results from the different XRF 
units compare to the EMMG assayed standard (see Figures 8.5, 8.6). By taking 
for example the mean of the individual analyses results for copper and zinc 
alone from the XRF laboratories at the NMS and RLAHA (see Figure 8.5 and 
8.6) it is possible to see simply how they compare (see Figure 8.4).
COMMON
DENOMINATOR
SAMPLE
NUMBER
OF
ANALYSES
Cu % Zn %
EMMG (EPMA) CZ106 (sheet) 10 70.1 29.4
NMS (XRF) CZ106 5 70.5 29.4
RLAHA (XRF) CZ106 17 70.8 29.2
EMMG (EPMA) CZ126 (tube) 10 69.1 30.4
NMS (XRF) CZ126 4 74.1 25.7
RLAHA (XRF) CZ126 16 75.8 24.2
FIGURE 8.4. MEANS OF SAMPLES FOR Cu AND Zn COMPARED TO EMMG STANDARD
The most striking feature of comparing the means of the NMS and RLAHA 
results is how well the XRF data for CZ106 compares to the EMMG standard, 
which is very close, in contrast to the XRF data for CZ126 to the EMMG data 
where there is obviously some divergence. However the XRF units within 
themselves compare favourably for the CZ126 data. The meaning of this 
disparity is discussed below.
The author felt that there was a requirement to test the data, which are both 
limited in number, to see if these observed differences are statistically 
significant. Each of these differences was tested by means of a f-test (Drennan 
1996, 155). The f-test does usually assume equal variance and with the XRF
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X
>
“0_1
CZ126* Results —1 m
No. A1 Si Mn Fe Co Ni Cu Zn As Sb Sn Ag Bi Pb Au s Total
73
00
6 9  0.01 0.00 0.00 0.02 0.01 0.06 68.80 30.62 0.00 0.02 0.02 0.06 0.03 0.01 0.00 0.00 99.65 CO
7 0  o .o i 0.01 0.00 0.00 0.00 0.00 69.05 30.49 0.02 0.00 0.03 0.03 0.02 0.03 0.00 0.00 99.68 >
71 0.01 0.00 0.01 0.00 0.03 0.00 69.19 30.73 0.02 OJOO 0.00 0.00 0.06 0.00 0.00 0.00 100.03 zo
72 0.00 0.00 0.00 0.03 0.00 0.01 68.61 30.44 0.01 0.01 0.00 0.00 0.05 0.00 0.07 0.00 99.22 >n
73 0.01 0.00 0.00 0.00 0.00 0.00 69.19 30.25 0.02 0.01 0.04 0.04 0.01 0.00 0.00 0.00 99.57 7JD
7 4  0.00 0.00 0.00 0.02 0.02 0.00 69.38 30.27 0.09 0.03 0.01 0.00 0.02 0.00 0.00 0.00 99.84 CO
75 o.oo 041 0.01 0.00 04)1 0.00 68.87 30.54 0.05 0.00 0.00 0.02 0.02 0 09 0.00 0.00 99.62
7 6  0.01 0.00 0.00 0.02 0.00 0.02 66.44 30.17 0.01 0.00 0.00 0.00 0.00 0.00 0.04 0.01 99.70
7 7  0.00 0.00 0.00 0.03 0.00 0.00 68.82 30.62 0.00 0.00 0.00 0.02 0.02 0.00 0.00 0.00 99.50
78 o.oo 0.00 0.00 0.00 0.00 0.00 69.47 30.34 0.03 0.01 0.00 0.01 0.03 0.00 0.05 0.00 99.94
Mean 0.00 0.00 0.00 0.01 0.01 0.01 69.06 30.45 0.02 0.01 0.01 0.02 0.03 0.01 0.02 0.00 99.67
—k Std
CD Dev 0.00 0.00 0.00 0.01 0.01 0.02 030 0.19 0.03 0.01 0.01 0.02 0.02 0.03 0.03 0.00 0.23
C 21 0 6  Results
Na A1 SI Mn F« Co Nl cu zn a* Sb Sn ab a Pt» Au 8 Total
22 0j01 0.00 0.00 040 040 0.07 69.79 2947 000 040 aoo 041 0.05 aoo 040 0.00 99.29
23 0.02 040 041 0.02 040 043 7041 29.47 040 0.00 0.00 0.06 042 aoo 0.00 040 9942
24 0.00 041 040 0.03 041 044 70.21 29.61 0.00 aoo 040 040 041 042 a n 040 9944
26 Oj01 040 041 042 041 0.03 7047 2901 0.00 0.00 040 040 0.06 040 040 040 99.23
26 OjOO 040 0.00 0.01 041 0.02 70.36 29.60 043 0.00 040 041 040 aoo 0.00 0.00 99.94
27 040 040 041 0.01 000 040 69.49 29.42 040 0.00 040 044 0.00 040 aoo 0.00 96.97
28 041 041 041 0.01 040 044 70.13 2940 043 0.06 0.00 041 042 0.01 0.01 0.00 io a i2
29 0.00 040 0.00 0.00 040 040 70.19 29.47 042 0.03 0.00 041 040 0.00 aoo 0.00 99.72
30 0.00 0.00 0.01 043 040 040 7033 29.39 040 042 aos 040 040 0.02 040 040 99.85
31 040 041 040 042 0.02 040 70.43 29.27 040 0.00 0.03 043 040 0.00 040 0.00 96.86
M w  0.00 0.00 040 041 OlOl 0.02 70.14 29.42 041 041 0.01 0.02 0.02 041 041 0.00 99.68
Std Dev 041 040 041 041 041 042 0.30 040 041 0.02 0.02 0.02 0.02 041 043 aoo 0.38
FIGURE 8.2. EPMA RESULTS FOR CZ126 AND CZ106 PROVIDED BY EMMG
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CZ101 RESULTS
No. Fe Co Ni Cu Zn As Sb Sn Ag Bi Pb Au s Total
7 0.04 0.01 0.01 89.96 10.18 0 .0 0 0.00 0.02 0.02 0.00 0.00 0.07 0.00 10030
8 0.00 0.01 0.00 90.56 10.21 0.05 0.00 0.01 0.00 0.00 0.02 0.00 0.01 100.87
9 0.02 0.00 0.01 90.30 10.22 0.00 0.00 0.02 0.02 0.05 0.00 0.10 0.01 100.74
10 0.03 0.00 0.00 90.43 10.01 0.04 0.00 0.02 0.00 0.00 0.09 0.00 0.00 100.63
11 0.03 0.00 0.06 90.56 10.02 0.00 0.00 0.04 0.00 0.04 0.01 0.00 0.01 100.75
Mean 0.03 0.00 0,01 90.36 10.13 0.02 0.00 0.02 0.01 0.02 0.02 0.03 0.01 100.66
Std Dev 0.02 0.00 0.02 0.25 0.10 0.02 0.00 0.01 0.01 0.02 0.04 0.05 0.00 0.22
NICKEL BRASS RESULTS
No. Al SI M i Fe Co M Cu Zh As Sb Sn Ag a Pb Au S Total
11 (LOO 0.00 022 0.07 001 1096 61.06 27.19 0.01 0.00 0.04 0.01 ooo 0.02 ooo 0.00 99.62
12 0.00 0.00 0.24 0.07 0.00 11.07 6101 27.46 aoo 000 OjOO 000 0.03 0.00 0.03 0.00 100.42
13 (L01 0.00 0.23 0.07 OjOI 10.68 61.38 2722 001 0.00 0.00 0.00 0.00 0.00 013 0.00 99.74
14 0.00 0.00 022 0.07 0-01 10.58 6104 27.08 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.01 99.86
15 0.01 0.00 023 0.07 004 1024 61.81 2724 0.01 0.00 0.00 0.07 0.02 0.00 000 ooo 99.73
16 0.00 0.00 022 0.06 0.00 10.43 61.60 2706 002 0.02 0.00 ooo ooo OjOO 000 0.02 99.46
17 0.00 0D0 026 0.07 002 1006 61.15 27.02 0.02 0.00 0.01 ooo 0.00 0.06 0.04 0.00 98.51
18 0.00 0.00 0.28 0.04 0.00 10.42 61.16 27.13 aoo OAO 0.03 0.04 ooo ooo 0.00 0.02 90.11
19 0.00 0.00 023 0.06 0.03 10.54 61.71 27.16 0.00 0.00 0.00 0.00 ooo 0.00 0.00 0.00 99.73
20 aoo 0.01 022 0.10 0.00 10.41 6108 2704 0.00 0.00 0.01 006 002 006 0.00 0.00 99.49
21 0.01 0 023 0.06 0.02 10.61 61.31 27.51 0 0.006 0 0 0 0.08 0 0 99.835
Moan ox» 0.00 024 0.07 001 10.62 61.42 2724 0.01 0.00 0.01 002 001 0.02 0.02 ooo 99.68
Std Dm 0.00 0.00 0.02 0.01 001 026 029 0.18 0.01 0.01 002 0.03 0.01 0.03 0.04 0.01 0.32
FIGURE 8.3 EPMA RESULTS FOR C2101 AND NICKEL BRASS PROVIDED BY EMMG
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Standard nama
^Z106 - beM - STD
3Z106-beH
3Z106 - bed
3Z106 -bell 0 4 -Jun-01
32106 - boll 09-Jul-01 100.00
3Z106-bel 09-Jui-01 4d2 RLAHA 71 39
32106-be* 70 40
32106-befl 
32106 - bell
32106 - bell
32106-beH
32106 - bell
32106-bell RLAHA
32106 - beH
32106 - bell 31-Oct-01 99.99
32106-befl 31-0ct-01 100 00
32106 - bell
3Z106 - bell
CZ106 -  XRF (RLAHA) results on EPMA (EMMG) standard
Standard name XRF Data XRF No-1Locatfor C3u | Z" M I F* Pb I! Afi Aa Co S b Sn Total Totals
CZ126-tube-STD 12-Aug-02 EMMG 69.06 30.45 0.01 001 0.01 |0.02 0.02 0.01 0.01 0.01 99.94
CZ126 - tube 23-Apr-OI HM115 |RLAHA 74.75 25.22 Itr 99 99
3Z126 - tube
■»74'V'
19-Mar-01
f t .  Ii m A I
HM115
UiJ1 4 C« I
RLAHA 75.98 24.01
*>4 R ' X tr
tr
If
99.99 
9 9  9 7U.Z12D -  tUD©
3Z126 - tube
U 4 -J U rW /l
09-Jut-O1
m m i loa 
HM115d
iD .4 4  I
75.72 |24.21 0.06
u
-
Ir 100.00
CZ126 - tube 28-Jan-02 HM115e {RLAHA 72.55 IZ7.17 027 99.99
CZ126 - tube 29-Jan-02 HM115T iRLAHA i75.96 24.04 Ir 100.00
CZ126-tube 18-Feb-Q2HM115g iRLAHA 75.73 24.26 99.99
3Z126 - tube 19-Mar-02HM115h RLAHA 77.84 22.14 tr 99 99
CZ126 - tube 05-Jurv02HM115i IRLAHA 76.60 i 0.17 tr 100.00
32126-tube 28ftJun-02HM115I | 75.74 2424 0.02 100.00
CZ126 - tube '06-Aug-02HM115m 75.74 24.25 99.99
CZ126-tube 13-AUQ-02HM115n 75.57 24.42 99.99
CZ126 - tube 31-Oct-01 HM176 I 76.26_]23.71 tr 0.02 99.99
CZ126-tube 31-Oct-O1 HM176 I 76.26 23-71 tr 0.02 99.99
32126-tube 18-Jun-02HMID 75.86 23 58 0.55 tr tr 99 99
3Z126 - tube 17-Jun-02HMID 76.26 |23 73 ....... 99 99
CZ126 -  XRF (RLAHA) results on EPMA (EMMG) standard
FIGURE 8.5 XRF (RLAHA) RESULTS COMPARED TO EPMA (EMMG) FROM STANDARD FOR THE SAME SELECTED CZ106 & CZ126 INTERNAL 
STANDARDS. THE APPROXIMATE COMPOSITIONS FOR BOTH THESE COMMERCIAL PRODUCTS IS 70 % COPPER 130 % ZINC
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Standard name XRF Date XRF No. tocatioi Cu Zn Nl Fe Pb Afl As Co Sb Sn Total Totals
CZ106-bell-STD 12-Aug-02 EMMG 70.14 29.42 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01 99.68
CZ106-bell L15-Nov-99F118576B NMS 70.41 29.50 99.99 100.17
CZ106 - bell 16-Nov-99F118619B NMS 70.51 29.34 tr tr tr 99.85 112.70
CZ106 - bell 17-Nov-99F118673B NMS 70.05 29 09 tr tr 99.94 107.55
CZ106 - bell 16-Jan-02F123076B NMS 70.34 29 58 0.03 0.01 0.01 100.00 80.36
CZ106 - bell 20-Feb-03F128956B NMS 70.43 29.45 0.00 0.00 0.00 0.03 0.00 0.00 0.094 100.00 66.92
Standard name XRF Date XRF No. tocatior Cu Zn Nl Fe Pb Ag As Co Sb Sn Total Totals
CZ126-tube-STD 12-Aug-02 EMMG 69.08 30.45 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 99.94
CZ126 - tube 15-Nov-99F118575B NMS 72.78 27.09 0.05 99.92 I104.44
CZ126 - tube 16-Jan-02 F125035B NMS 72.98 26.96 0.01 0.04 0.01 100.01 |87.62
CZ126 - tube 16-Jan-02 F125037B NMS 75.51 24.40 0.02 0.05 0.01 100.00 j73.56
CZ126 - tube 20-Feb-03F128955B NMS 75.08 24.51 0.02 0.02 0.21 0.03 0.00 0.00 0.13 100.00 67.12
Standard name XRF Date XRFrtocattof Cu Zn Nf Fe Pb Afl As Co Sb Sn Total Totals
CZ106 - bell - STD 12-Aug-02 EMMG 70.14 29.42 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01 99.68
CZ106 - bell - norm 20-Jun-02491 V&A 72.62 26.93 0.12 0.11 0.008 0.10 99.90
CZ106 - bell - raw 20-Jun-02491 V&A 89.10 33.05 0.15 0.14 0.010 0.13 122.58
CZ106 - bell - norm 20-Jun-02 520 V&A 72.15 27 46 0.12 0.10 0.009 0.10 99.94
CZ106 - bell - raw 20-Jun-02 520 V&A 90.07 34.29 0.15 0.13 0.011 0.12 124.78
Standard name XRF Date XRF L^ocatior Cu I Zn Nl Fe Pb Afl As Co Sb Sn I Total Totals
CZ126 - tube - STD 12-Aug-02 EMMG 69.08 30.45 001 0.01 0.01 0.02 0.02 0.01 0.01 0.01 [99.94
CZ126 - tube - nor 20-Jun-02492 K/&A 74.64 24.98 0.13 0.10 0.017 0.11 (99.98
CZ126 - tube - raw 20-Jun-02492 (V&A 87.61 |29.32 0.15 0.12 0.020 0.13 117.35
FIGURE 8.6 XRF (NMS AND V&A) RESULTS COMPARED TO EPMA (EMMG) FROM STANDARD FOR THE SAME SELECTED CZ106 AND 
C2126 INTERNAL STANDARDS. THE APPROXIMATE COMPOSITIONS FOR BOTH OF THESE COMMERCIAL PRODUCTS IS 70 % COPPER I 
30 % ZINC (note Total column is the normalised concentrations. Totals is the raw data)
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data there may be a problem of differing variance between the standard and the 
samples.The data were collected in a different manner i.e. the ten data points 
from EMMG were obtained consecutively on the same spot. The common 
denominator samples were carried out once on different dates and not 
necessarily on the same spot. There is a version of the f-test which assumes 
unequal variance and this method was used to compare the data. It is available 
as an ‘Add-in’ to the EXCEL software program, “f-test assuming unequal 
variance”.
The tests cannot be run with less than four samples. Consequently it was not 
possible to run the f-test for the results from the V&A. As there were so few 
samples from the V&A it is difficult to test the results statistically (see also 
Chapter 7 discussion on results from the V&A , 106-108). The results from the 
V&A included in Figures 8.6 and 8.11, but they are not part of the general 
assessment.
CZ106-COPPER EMMG (EPMA)
"
EMMG (EPMA) RLAHA (XR
Mean 70.14 70.48 B39 70.76
Variance 0.087 r0.037 1.15
Hypothesized 
Mean Difference
0 0
Degrees Freedom 12 ■
f-stat -2.67 -22|
P(T<=t) two tail L0.020 o .oa
FIGURE 8.7 NMS AND RLAHA RESULTS COMPARED TO EMMG RESULTS FOR f-TEST 
ASSUMING UNEQUAL VARIANCE FOR COPPER FOR CZ 106 -  SHEET BRASS
CZ106 -ZINC EMMG (EPMA) NMS (XRF) EMMG (EPMA) RLAHA (XRF)
Mean 29.43 29.38 29.43 29.16
Variance 0.04 0.040 1.17
Hypothesized 
Mean Difference
c ~ ~ 0
Degrees Freedom 1 ■
t- stat 0.47 et98
P(T<=) two tail 0.65
FIGURE 8.8 NMS AND RLAHA RESULTS COMPARED TO EMMG RESULTS FOR f-TEST ASSUMING 
UNEQUAL VARIANCE FOR ZINC FOR CZ106 -  SHEET BRASS
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8.5.1. CZ106 -  sheet brass
CZ106 is the alloy used by musical instrument makers for bells. The sample 
provided by Andrew Taylor was in the form of an off-cut of sheet brass.
The mean results for copper and zinc (see Figure 8.4) from CZ106 show that 
there is a <1% deviation from the assayed sample, and that the XRF units at 
NMS and RLAHA within themselves are in common agreement to within <0.5%. 
Comparatively speaking therefore the results could be considered excellent. 
The differences between the results are significant (see Figures 8.7; 8.8). 
However a surprising observation of the test is that the differences for CZ106 
are statistically significant for copper, but not at all significant for zinc. This 
highlights that even the statistically significant difference is not practically 
significant.
CZ126-COPPER EMMG (EPMA) NMS (XRF) EMMG (EPMA) RLAHA (Xtm
Mean 69.08 74.1 69.08
Variance 0.09 1 95 0.09 1 18
Hypothesized 
Mean Difference
o o
Degrees Freedom i 15
f-stat -7.12 -23.20
P(T<=t) two tail 0.01 2.11
FIGURE 8.9 NMS AND RLAHA RESULTS COMPARED TO EMMG RESULTS FOR f-TEST ASSUMING 
UNEQUAL VARIANCE FOR COPPER FOR CZ 126 -  TUBE BRASS
CZ126 - ZINC EMMG (EPMA) NMS (XRF) EMMG (EPMA) RJjftMAIXRF)
Mean 30.44 30.44
Variance 0.03 0.03 1.12
Hypothesized o o
Mean Difference
Degrees Freedom 3 ■
f-stat 6.23
P(T<=t) two tail 0.01 8 J i
FIGURE 8.10 NMS AND RLAHA RESULTS COMPARED TO EMMG RESULTS FOR f-TEST 
ASSUMING UNEQUAL VARIANCE FOR ZINC FOR CZ126 -  TUBE BRASS
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8.5.2. CZ126 -  tube brass
CZ126 is the alloy used by musical instrument makers for tubes. The sample 
provided by Andrew Taylor was in the form of an off-cut of tubing, 150mm in 
diameter. As has already been noted concern has been raised about the validity 
of the results where the surfaces are not flat. The mean results for copper and 
zinc (see Figure 8.4) from CZ126 do show that there is a 5% deviation from the 
assayed sample, but that the XRF units at NMS and RLAHA within themselves 
are in common agreement to about <2%. Comparatively speaking therefore the 
results could be considered fairly good in light of the problems with the 
geometry of the tube surface. Using the f-test assuming unequal variance the 
5% difference in mean percentage of element between the assayed standard 
and the common denominator sample is highly significant (see Figures 8.9; 
8.10)
8.5.3. Trace metals
The EMMG used WDS for analysing the samples, which is much more sensitive 
to trace metals than the XRF units used for the study (see Chapter 7). As can 
be seen from Figure 8.11 most of the XRF units cannot detect the lower limits 
that are detectable by WDS, and the levels that are noted can only be suspect 
in light of the experience of the operators involved (see Chapter 7).
XRF LOCATION SAMPLE Fe % Co % Ni % As % Sb % Ag % Pb %
EMMG CZ126 0.01 0.01 0.01 0.02 0.01 0.02 0.01
RLAHA CZ126 tr Tr nd nd nd nd 0.26
NMS CZ126 0.02 nd 0.02 0.04 0.01 0.03 0.11
V&A CZ126 0.10 nd 0.13 0.11 nd 0.017 nd
EMMG CZ106 0.01 0.01 0.02 0.01 0.01 0.02 0.01
RLAHA CZ106 tr 0.02 nd nd nd tr nd
NMS CZ106 tr nd nd nd nd 0.03 tr
FIGURE 8.11 TRACE ELEMENTS OF XRF UNITS COMPARED TO EMMG STANDARD
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8.6. Interpreting the results?
It is tempting to consider therefore that the readings for copper and zinc 
resulting from any tubular activity should be considered 5% too high for copper 
and 5% too low for zinc, and almost ‘spot on’ for flat items such as key plates, 
but that readings from the bells and garlands might fall somewhere in between. 
Most of the parts of the musical instruments analysed were in fact tubes or 
rounded in some manner, for example, the yards to the early trumpets, or the 
tubes and valves of nineteenth-century trumpets. The bells and garlands are 
much flatter in appearance, but still have a slight curve to them. Items such as 
key plates can be considered ‘flat’.
In reality although the units might not agree totally as compared to the 
standards within themselves, they seem to be producing ‘sensible’ results. One 
of the principal differences between a cementation brass and a direct method 
brass can be the proportion of copper to zinc. To adjust all the readings in light 
of the comparison of standards would not necessarily produce any better 
results. A couple of examples to reconsider would be a late instrument by 
Charles Pace (3-valve trumpet, Horniman Museum 14.5.47/199 Vol. 2,571-572) 
and an early horn by Winkings (Norfolk Museums Service 147.940 Vol. 2, 415- 
416). See Figure 8.12.
Hom-
mouthpiece
receiver
Horn -  tube Trumpet - tube
Cu -  XRF 69 70 64
Cu- corrected -5% 64 65 59
Zn - XRF 30 30 36
Zn-corrected +5% 35 35 41
FIGURE 8.12. EXAMPLES CORRECTED WT % FOR CU AND ZN
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As can be seen from Figure 8.12 it is not sufficient to go by the copper/zinc 
proportions alone. In the case of the horn, assuming a 5% correction what was 
giving a sensible reading for a cementation brass would on this presumption 
alone be a direct method brass. Whereas the date of the piece and the 
presence of trace metals all indicate that this is a cementation brass. The 
analysis of 69:30 for the mouthpiece receiver and 70:30 for the tube are 
compatible with a cementation brass produced by the granulation method of 
treating the copper prior to the process. The trumpet tube, which is a direct 
method brass, has a reasonable analysis of 64:36, which is exaggerated by 
being corrected to 5%.
8.7. Summary
This example highlights how using surface analysis by XRF as a quantitative 
tool has several problems, and all the data need be examined carefully along 
with the instruments’ history and date.
Due to financial concerns an additional restraint on this study has been the 
limited the number of duplicate analyses that could be made of the same area 
on an instrument. As can be seen from the information in Volume 2 Appendix F, 
most instruments could only have one measurement at any one given area. 
Thus, there is usually only one XRF estimate of the actual alloy composition. 
Ferretti and Moioli (1998) make this point in their critical review of the use of 
portable XRF systems. Some uncertainty is related foremost to the number of 
measurements taken (Ferretti and Moioli 1998, 39). The effectiveness of XRF 
therefore is increased by the number of measurements taken. Where it has 
been possible to study an instrument at a different location e.g. Horniman 
Museum instruments analysed at the TOL and then at the RLAHA (see Vol.2 pp 
xxx) the results have been comparable, but the number of measurements do 
not compare to work such as that done by Ferretti and Moioli where the number 
of measurements varied between 1 and 17 (Ferretti and Moioli, 1998, 42).
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The key outcome to this exercise, is that the XRF laboratories, although they 
might not, as in the case of copper and zinc for CZ126, agree with the EMMG 
results, are themselves in agreement. The results show that XRF is good for flat 
sheet, but low by about 5% for zinc in curved samples. Therefore for the curved 
parts to metal instruments the XRF data are probably low at the 30% zinc 
ranges.
Thus, the XRF data based upon internal standards and calibrations are not 
adjusted to compensate for sample corrections. However, caution must apply 
not to over-interpret XRF data at the 30% zinc threshold.
The results therefore from the XRF laboratories could be taken to be 
comparable. What merit is attached to these results is discussed further in 
Chapter 12.
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CHAPTER 9. ‘SACRIFICIAL’ INSTRUMENTS
9. 7. Introduction
As already indicated there is a concern regarding the validity of XRF results 
achieved by surface examination and composition alone. Apart from the 
difficulty in examining a flat surface, a musical instrument is blown through on 
the inside, and polished and cleaned on the outside. Each surface can suffer 
different types of deterioration which could affect XRF compositional results. To 
assess the XRF estimates of metal composition it was necessary to find 
instruments that could be cut for sampling and compositional analysis using 
EPMA and metallographic evaluation. The samples from several selected 
modern instruments were examined in three ways: surface analysis by XRF of 
both inner and outer surfaces, section analysis by scanning electron microprobe 
(EPMA) and by standard metallographic techniques. The results from this 
exercise showed that surface examination by XRF alone gives an acceptable 
assessment of the primary material.
These instruments were considered ‘sacrificial’ as they were already in a bad 
state of repair and could be sampled. However, to comply with the Museums 
Association of Great Britain’s professional and ethical guidelines, as defined by 
the Codes of Ethics ( Besterman 1995) all the ‘sacrificial ‘ musical instruments 
were shown to the Keeper of Musical Instruments at the Horniman Museum. 
Following this procedure it has been possible to take metallographic samples 
from nine musical instruments, six by known makers, dating from the early 
twentieth century (see Volume 2 Appendix E for full data).
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9.2. The instruments
The instruments were either supplied by musicians or were bought at car boot 
sales. All the instruments can be dated to the twentieth century (see Figure 9.1).
INSTRUMENT MAKER PROBABLE DATE SAMPLES TAKEN
Trumpet Besson & Co 
London
Early 20m C. Bell, tube
Trumpet (1) Barratt,
Manchester
1925-1950 Bell, tube
Trumpet (2) Barratt,
Manchester
1925-1950 Bell, tube
Bugle Mayers & 
Harrison, 
Manchester
1923-1950 Bell, tube
Trumpet 
(No. 1920)
H. Potter, 
London
1904-1950 Bell, tube
Trombone Rampone & 
Cazzani, Milan
1920-1950 Bell, bell pipe, stay
Coach hom Unknown,
England
20m C. Bell, tube
Bugle Unknown, with 
mouthpiece by 
Vincent Bach
20™ C. Bell, tube, brazing, solder
Bugle Unknown, 
?Pakistan Army
20tnC. Bell, tube, garland, brazing, 
solder
FIGURE 9.1. ‘SACRIFICIAL* INSTRUMENTS
9.3. Sample preparation
Although the damaged instruments were all cleared for use, great care was still 
taken to limit the amount of damage to an instrument by cutting a piece out. The 
samples were usually taken from two points on the ‘sacrificial’ instruments, the 
bell and a tube (see Figure 7.1 p.88).
Occasionally samples from other areas were taken (see Figure 9.1). Various 
means were tried, including a jeweller’s saw and a hollow core drill bit. The
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jeweller’s saw was difficult to control and cut into the curve of the tube as seen 
in Figure 7.1, and was also extremely difficult to locate into flatter areas such as 
the bell. The hollow drill bit produced a neat round hole, but the bit was 
designed to cut into softer materials such as ceramics and after only a few 
turns, broke in the drill holder. The method ultimately successful was a Dremel 
diamond wheel point no. 7117, held in a Dremel motor hand tool. With the 
instrument clamped in a vice, the wheel was much more manoeuvrable and 
enabled a cleaner cut to be made than a saw (see Figure 7.1). Cutting was 
interrupted at times to minimise heating due to abrasive cutting.
The samples were prepared following routine procedures. Buehler Epo-Kwick 
fast cure epoxy resin (5 parts resin to 1 part hardener) was selected for the 
mounting. The sections were processed through a series of polishing stages, 
commencing with different grades of wetted sand papers, to final polishing with 
different micron (pm) diamond pastes on rotating wheels, ending with a % pm.
Much time was spent trying to achieve a fine scratch-free surface, both for 
EPMA work and for microscopy. This was sometimes difficult to achieve as 
small grains of grit deposited on the inner surface of the tubes by saliva, were 
probably being picked up in the polishing and dragged across the surface.
Prior to EPMA work the surface of the polished sample was coated with carbon 
with a standard carbon sputter coater to reduce surface charging.
Prior to photomicrography and etching for microscopic examination the carbon 
coating was removed and the sample re-polished. Etching was carried out using 
alcoholic ferric chloride.
For the surface analysis, pieces of tubing were also cut open so that both the 
inner and outer surfaces were revealed. In this manner, as well as conducting 
XRF analyses on uncleaned surfaces, it was also possible to then clean any 
oxidation products away with a glass bristle brush to a shiny bare metal surface 
and repeat the XRF analysis on the same spot. The results showed that the 
penetration limits of the XRF equipment, 10-20 micron, was sufficient to 
penetrate the oxidation layer to the metal surface below to give a good estimate 
of the alloy composition.
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9.4. Analytica l techniques
9.4.1. XRF and EPMA
The alloy composition of the samples was looked at in two ways: surface 
analysis by XRF of both inner and outer surfaces, and section analysis by 
scanning electron microprobe (EPMA). The use of XRF has already been 
presented in Chapter 7.
EPMA also utilises energy dispersive spectroscopy (EDS) as described in 
Chapter 7, but differs from the stand-alone XRF in that the source can only act 
upon samples in a vacuum. Initially some samples were examined with a Jeol 
(EPO 8080-35CF) Scanning Electron Microscope (SEM), but the Jeol (EPMA) 
was preferred because of its line-scan capabilities as well as its stability and 
precision at detecting lower limits. Figure 9.2 illustrates the EPMA set up.
FIGURE 9.2. EPMA AT IOA AND DETAIL OF 4-SAMPLE HOLDER
The mapping capability of the EPMA allowed a micron-by-micron scan from one 
edge of a cut sample to the other. This technique was used in a few examples 
to attempt to identify surface depletion of certain alloying elements such as de- 
zincification (see Figures 9.7a and b). Compared to XRF, EPMA also provides 
more accurate and precise quantitative compositional analysis. The XRF data 
are presented to three significant figures, the EPMA to four. As calibrated the 
XRF equipment would usually not measure such low concentrations (see Figure 
7.7 p.99).
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For calibration it is necessary to select one line of X-ray energy that 
corresponds to the individual element present. The La line and K|3 were used in 
the same manner, when there was an over lap with the Ka line. Again this 
occurs particularly with lead and arsenic peaks.
Lines used with EPMA:
Ka : Al, Co, Cu, Fe, Mg, Mn, Ni, P, S, Si, Ti, Zn 
La : Ag, As, Bi, Cd, Sb, Sn 
Ma: Pb
EPMA also has a problem with satisfactorily detecting and measuring low 
phosphorus concentrations. In the alloy there is a positive correlation between 
copper and phosphorus. Various runs were made on the EPMA to try and 
ascertain whether phosphorus was actually present or not, but the author was 
finally advised by Kevin Reeves, operator of the EPMA at the Institute of 
Archaeology, that this was an endemic problem with the equipment. The same 
problem has been encountered before with the EPMA of the IOA (Shugar 2001, 
150). As a result, phosphorus has not been reported in the tables.
9.4.2. Microscopy
The sections could also be etched and examined by reflected light polarised 
microscopy. Polished metal surfaces, although ideal for EPMA compositional 
work, do not adequately reveal structural detail. To confirm stages in the 
manufacture of a musical instrument such as cold working or annealing, as 
described in Chapter 2, it is necessary to assess the grain structure. By etching 
the surface of the samples with alcoholic ferric chloride, an etchant favoured for 
copper alloys (Scott 1991, 72), it is possible to reveal differences in 
microstructure. Figure 9.9 shows a polished section from the Potter trumpet 
(LB5) illustrating the typical grain structure for an annealed instrument (see 
Figure 3.2 p.50). It also reveals the copper finish over a brass core.
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9.4.3. Micro hardness Tests
When a metal is cold-worked by hammering it is said to be work-hardened. 
Hammering increases the hardness value, so the hardness test could indicate 
the state of the metal when the metalworker considered the instrument 
completed (see Chapter 3.2.1).
However it is not appropriate to carry out hardness tests on a musical 
instrument. Techniques such as the Vickers test, which uses a square-based 
diamond pyramid (Scott 1991,2) relies on being able to indent a flat surface 
under a known load. The form of a musical instrument, with few flat surfaces, 
makes it awkward to manoeuvre within the equipment. In any case the resulting 
diamond shaped indent would be obvious and difficult to remove without 
polishing. Consequently it has not been possible to gather any micro-hardness 
test results as part of this study.
9.5. Comparison o f inner and outer Surfaces
9.5.1. Tests a t National Museums o f Scotland
A series of analyses were carried out on a cut sample of the tubing from the 
Rampone and Cazzani trombone. The tube was cut open and bent flat (see 
Figure 9.3). Visually the outer surface was an even light red/brown colour, 
typical of oxidised copper and its alloys. The inner surface was similar but also 
showed patchy green copper corrosion and small pieces of grit. The surfaces 
were then examined using the XRF equipment at the National Museums of 
Scotland (NMS).
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FIGURE 9.3. SAMPLE CUT AND BENT OPEN FROM TROMBONE BY RAMPONE
AND CAZZANI (LB1) SHOWING CLEANED AREAS OF ANALYSIS
Both the inner and outer surfaces were first analysed without any cleaning at all. 
The position of the first areas was noted and the same spots then cleaned to 
‘bright’ yellow brass with a glass bristle brush. These same areas were then 
analysed and the results compared (see Figure 9.3). Two analyses were 
performed on each surface. The results are shown in Figure 9.4.
SURFACE XRF No Cu Zn
Inner - area 2 - after cleaning F118914B 67.20 32.53
Inner -  area 2 -  before cleaning F118704B 68.38 31.23
Inner -  area 1 -  before cleaning F118703B 67.18 31.72
Inner -  area 1 -  after cleaning F118915B 67.60 32.18
Outer -  area 2 -  after cleaning F118913B 67.30 32.41
Outer -  area 2 -  before cleaning F118705B 67.25 32.47
Outer -  area 1 - after cleaning F118912B 67.32 32.43
Outer -  area 1 - before cleaning F118702B 67.35 32.41
FIGURE 9.4. RESULTS FROM CUT SAMPLE
All the operators of the different units reckoned that the X-ray beam, although 
dependent on several factors, would penetrate to at least 10-20 microns and
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probably up to about 50, thus passing through any light corrosion or patination 
of a surface. Comparing the results from the cut sample (Figure 9.4) it can be 
seen that the differences are within 0.5 %. It could be concluded therefore that 
surface examination alone by XRF could give reasonable results without any 
surface preparation of the exterior for this research.
9.5.2.Other analyses carried out a t the RLAHA
Surface tests were carried out on some of the ‘sacrificial’ instruments at the 
RLAHA and compared to the IOA results. The analysis was directed onto an 
area as close to the original sample cut as possible. The results are shown in 
Figure 9.5.
INSTRUMENT UNIT XRF NO Cu Zn
Mayers & Harrison Bugle (LB3) XRF HM211a 66.54 33.46
EPMA 59 69.618 30.136
Anon Bugle (LB4) XRF HM213a 99.99 nd
EPMA 68 99.659 nd
Anon Coach horn (LB6) XRF HM207a 99.93 nd
EPMA 16 99.812 nd
Barratts trumpet (LB7) XRF HM209a 67.51 32.11
EPMA 28 69.184 31.163
Barratts trumpet (LB8) XRF HM208a 68.25 31.74
EPMA 12 68.141 31.128
Besson trumpet (LB9) XRF HM206a 70.23 29.34
EPMA 21 69.461 30.383
*Potter trumpet (LB5) XRF HM210a 99.99 nd
EPMA 19 65.614 35.586
FIGURE 9.5 COMPARISON RLAHA SURFACE ANALYSES WITH IOA CORE ANALYSES 
* NOTE HOW XRF ANALYSIS HAS ONLY PICKED UP THE SURFACE PLATING OF COPPER
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9.5.3. EPMA a t the Institute o f Archaeology (IOA) UCL, London
At the IOA, several other EPMA tests were carried out to contrast techniques. 
One of the advantages to EPMA is the ability to locate the electron beam 
precisely on the area to be examined by means of a microscope attached to the 
system (Henderson 2000, 17). This is compared to the XRF where the musical 
instrument had to be manoeuvred into position and then the beam position 
located either by the pointer system used at the RLAHA or the two red laser 
beams by the NMS and the V&A. Even so small inclusions of lead, for example, 
are sometimes difficult to ‘hit’ as the beam has a tendency to move off the spot 
at these very low levels (Hughes et al 1982).
The EPMA equipment was used to:
• check the core of the alloy for comparison with the surface XRF results. 
These results are given in Figure 9.5.
• identify any inclusions. For example lead (see Figure 9.6).
FIGURE 9.6 LEAD INCLUSIONS IN SECTION RAMPONE AND CAZZANl TROMBONE (LB1)
• conduct line scans across the sample from the outer edge to inner edge.
• To identify any misleading surface finishes picked up by XRF alone. A 
line scan was carried out on the Rampone and Cazzani trombone (LB1). 
The table of results is given in Figure 9.7a and b. The steps between
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Section Microprobe No Cu Zn Pb Totals
3ell scan - raw data-1 micron 10.501 0.222 0.031 0.881
3ell scan - raw data-1 micron 2 0.776 0.363 0.051 1.357
3ell scan - raw data-1 micron 3 0.958 0.397 1.613
3ell scan - raw data-1 micron 4 0.941 0.395 0.066 1.809
3ell scan - raw data-1 micron 5 2.277 1.135 3.968
Bell scan - raw data-1 micron 6 6.317 2.826 9.256
3ell scan - raw data-1 micron 7 64.766 31.125 0.098 102.020
3ell scan - raw data-1 micron 8 64.497 31.397 96.560
3ell scan - raw data-1 micron 9 64.930 31.328 96.591
Beil scan - raw data-1 micron 1063.836 30.552 95.591
Bell scan - raw data-1 micron 11 62.675 30.328 93.352
Bell scan - raw data-1 micron 12 5.104 7.382 0.109 12.773
Bell scan - raw date-1 micron 13 65.707 31.748 0.003 98.957
Bell scan - raw data-1 micron 14 64.260 31.238 0.042 95.805
Bell scan - raw data-1 micron 15 65.136 31.216 0.008 96.814
Bell scan - raw data-1 micron 16 66.365 31.737 0.097 98.947
Bell scan - raw data-1 micron 17 65.301 31.475 0.003 97.145
Bell scan - raw data-1 micron 18 64.535 31.835 0.003 96.680
Bell scan - raw data-1 micron 19 63.930 31.040 0.131 95.327
Bell scan - raw data-1 micron 20 65.536 31.961 0.026 97.793
Bell scan - raw data-1 micron 21 64.174 31.449 95.785
Bell scan - raw data-1 mciron 22 65.398 31.695 0.052 97.423
Bell scan - raw data-1 micron 23 65.156 31.298 96.641
Bell scan - raw data-1 micron 24 64.601 31.440 0.042 96.407
Bell scan - raw data-1 micron 25 65.167 31.278 0.079 96.915
Bell scan - raw data-1 micron 26 65.824 31.781 0.039 98.002
Bell scan - raw data-1 micron 27 65.886 31.921 98.106
Bell scan - raw data-1 micron 28 65.373 31.658 97.317
Bell scan - raw data-1 micron 29 65.268 31.554 0.011 97.053
Bell scan - raw data-1 micron 30 65.324 31.383 96.981
Bell scan - raw data-1 micron 31 66.518 31.848 0.003 98.733
Bell scan - raw data-1 micron 32 65.953 31.810 97.955
Bell scan - raw data-1 micron 33 65.723 31.661 97.702
Bell scan - raw data-1 micron 34 65.043 31.349 96.668
Bell scan - raw data-1 micron 35 64.614 31.328 0.061 96.329
Bell scan - raw data-1 micron 36 65.230 31.500 96.879
Bell scan - raw data-1 micron 37 64.726 31.567 96.615
Bell scan - raw data-1 micron 38 66.110 32.056 0.150 98.521
Bell scan - raw data-10 micron 39 65.971 31.977 98.225
Bell scan - raw data-10 micron 40 67.255 32.530 0.063 100.013
Bell scan - raw data-10 micron 41 67.481 32.436 0.095 100.222
Bell scan - raw data-10 micron 42 67.103 32.447 99.873
Bell scan - raw data-10 micron 43 67.067 32.283 99.551
Bell scan - raw data-10 micron 44 67.810 31.751 99.807
Bell scan - raw data-10 micron 45 64.836 30.751 95.671
Bell scan - raw data-10 micron 46 67.413 32.743 0.040 100.552
Bell scan - raw data-10 micron 47 67.578 32.708 100.438
Beil scan - raw data-10 micron 48 67.532 32.754 100.490
Bell scan - raw data-10 micron 49 68.024 32.485 0.111 100.867
Bell scan - raw data-10 micron 50 67.499 32.700 100.416
FIGURE 9.7a RESULTS FROM EPMA SCAN OF SECTION FROM BELL RAMPONE & CAZZANI 
TROMBONE (LB1)- (CONTINUED ON NEXT PAGE)
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Section Microprobe No Cu Zn Pb Totals
Bell scan - raw data-10 micron 51 67.627 32.816 0.077 100.815
Bell scan - raw data-10 micron 5267.616 32.735 0.040 100.574
Bell scan - raw data - 3 micron 5366.745 32.090 99.092
Bell scan - raw data - 3 micron 5467.194 33.150 100.585
Bell scan - raw data - 3 micron 5567.121 33.509 0.024 100.867
Bell scan - raw data - 3 micron 5665.953 34.482 100.718
Bell scan - raw data - 3 micron 5766.009 35.247 0.156 101.730
Bell scan - raw data - 3 micron 5865.459 36.197 0.050 102.227
Bell scan - raw data - 3 micron 5958.233 41.123 5.206 107.093
Bell scan - raw data - 3 micron 6062.655 39.781 0.032 103.257
Bell scan - raw data - 3 micron 61 63.567 38.576 0.090 102.814
Bell scan - raw data - 3 micron 62 57.693 44.043 103.078
Bell scan - raw data - 3 micron 63 58.630 40.830 2.473 103.124
Bell scan - raw data - 3 micron 6463.344 39.170 103.276
Bell scan - raw data - 3 micron 6564.360 37.859 102.814
Bell scan - raw data - 3 micron 6664.065 38.030 102.599
Bell scan - raw data - 3 micron 6761.189 38.505 0.626 100.941
Bell scan - raw data - 3 micron 68 57.495 43.683 102.593
Bell scan - raw data - 3 micron 69 56.926 43.817 0.101 102.231
Bell scan - raw data - 3 micron 70 56.560 43.786 0.075 101.962
Bell scan - raw data - 3 micron 71 59.428 44.128 0.072 105.100
Bell scan - raw data - 3 micron 7262.072 38.246 0.067 100.952
Bell scan - raw data - 3 micron 7359.959 40.373 101.260
Bell scan - raw data - 3 micron 7457.121 44.053 102.715
Bell scan - raw data - 3 micron 7558.110 42.599 0.032 102.094
Bell scan - raw data - 3 micron 7657.404 43.760 0.072 102.866
Bell scan - raw data - 3 micron 77 58.156 43.579 0.032 103.240
Bell scan - raw data - 3 micron 7862.480 39.819 0.005 106.555
Bell scan - raw data - 3 micron 7957.432 44.503 103.782
Bell scan - raw data - 8 micron 8060.054 40.557 0.008 101.663
Beil scan - raw data - 8 micron 81 59.813 43.130 104.380
Bell scan - raw data - 8 micron 8258.687 42.405 0.040 102.371
Bell scan - raw data - 8 micron 8359.171 42.493 0.011 102.850
Bell scan - raw data - 8 micron 8458.750 42.653 0.059 102.717
Bell scan - raw data - 8 micron 8558.770 42.609 102.657
Bell scan - raw data - 8 micron 8658.789 42.540 102.643
Bell scan - raw data - 8 micron 87 58.039 42.156 0.227 101.783
Bell scan - raw data - 8 micron CO 00 3.411 8.960 0.207 14.798
Bell scan - raw data - 8 micron 89 0.522 0.426 0.045 1.189
FIGURE 9.7b RESULTS FROM EPMA SCAN OF SECTION FROM BELL RAMPONE & CAZZANI
TROMBONE (LB1)
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microprobe no. 8 and 59 shows that the metal composition is fairly consistent 
throughout the scan, and there is no evidence of de-zincification at the outer 
surface (the figures start at the outer surface of the sample). The scan is left to 
run overnight. As a result the calibration begins to ‘wander’ towards the end of 
the scan. This can be seen in the figures after no.59 where the raw totals 
particularly show that the equipment needs re-calibrating with the standards. 
The whole scan with the ‘wander’ is shown graphically in Figure 9.8.
A good example of how misleading surface analysis by XRF can be is the 
Henry Potter trumpet (LB5). This has a copper finish over a brass core (see 
Figure 9.9). Although an extreme example, and the only one encountered so 
far, it does illustrate how surface analysis by XRF alone could be misleading as 
to what is happening in the core of the metal. Peter Woods of Potter (Military 
Musical Instrument Makers in Aldershot) is puzzled by the copper finish to the 
brass. In his opinion this was not a technique employed by Henry Potter at that 
time nor is it a technique employed by the descendant company George Potter 
& Co today (personal communication April 2003).
FIGURE 9.9 SECTION FROM TRUMPET BY POTTER (LB5) SHOWING 
COPPER FINISH OVER ANNEALED BRASS BODY (x20)
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9.6.1. CZ106 standard reference m ateria l certified values
The comparison between the IOA EPMA results for copper and zinc and the 
standard reference materials as assessed by EMMG are shown in Figure 9.10.
UNIT Cu Zn
EMMG 70.14 29.42
IOA 69.769 30.026
FIGURE 9.10 CZ106 COMPARISON
9.6.2. CZ126 standard reference m ateria l certified values
The comparison between the IOA EPMA results for copper and zinc and the 
standard reference materials as assessed by EMMG are shown in Figure 9.11.
UNIT Cu Zn
EMMG 69.08 30.45
IOA 68.990 30.802
FIGURE 9.11 CZ126 COMPARISON
9.7. Summary
The results are encouraging. The XRF surface results do not rely on a cleaned 
surface as supported by the tests carried out at the NMS (see Figure 9.4). 
Figure 9.5 illustrates that the surface analyses carried out at the RLAHA, for 
example, are comparable to the core results from the EPMA work to within at 
least 1%. Similarly surface analysis carried out at the NMS also compares 
favourably, to a percent, with the EPMA results. See, for example, Rampone 
and Cazzani trombone (LB1) Vol. 2 App. E , 354-356). The EPMA line scan 
(Figures 9.7a&b) shows no indication of de-zincification, at least, of the outer 
surface.
It could be concluded therefore that surface analysis by XRF is giving a relative 
and reasonable assessment of the alloy composition of ‘brass’ wind musical 
instruments.
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CHAPTER 10. SELECTION AND SOURCES OF INFORMATION
10.1. Introduction
The selection of musical instrument makers for this study was based on the 
collections of the Horniman Museum. The horn by William Bull, dated to 1699, 
is one of the earliest surviving musical instruments in England, and provided the 
incentive for the development of this study (14.5.47/307 Vol. 2 Figure F.10).
The horn by Nicholas Winkings (M39-1983 Vol. 2 Figure F.21) provides a focus 
for the eighteenth-century production of musical instruments, but is of an 
unusual design, the tube being coiled into eight loops in a spring formation. The 
choice of the Pace family as the focus for the nineteenth century provides a 
broad range of types of musical instruments, at a time when technological 
innovation was at its height in England. Nine instruments are from the Horniman 
Museum collection. The end date of 1867 is taken from the death of Charles 
Pace. The early date for this study is taken from the earliest inscribed and dated 
instrument which is a trumpet by Augustine Dudley in the collections of the 
Museum of London (A24656; see Vol.2 Figure F.5). All the makers are 
acknowledged in publication and practise as renowned for their skill and 
craftsmanship.
In order to acquire the location of as many instruments as possible a letter was 
sent to 162 museums and institutions requesting information on their musical 
instrument collections. 107 responded. A full list of the instruments identified for 
each maker, their location, and which have been analysed is in Appendix F.
As the study progressed, it became obvious that the paucity of surviving 
instruments particularly in the early periods may not be statistically meaningful. 
With the ‘surprise’ of the William Bull trumpet in the Museum of London being 
made of a copper/tin alloy rather than brass, it was realised that the study would 
need to be expanded to include other contemporary makers.
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As so few instruments survive from the seventeenth century, the study has 
attempted to analyse all extant inscribed and dated examples. Thus makers 
such as Augustine Dudley, Simon Beale and John Harris (who also worked into 
the early eighteenth century), are included.
For the eighteenth century, the study was expanded to include, apart from 
Nicholas Winkings (all known examples analysed), other German-born makers 
such as John Christopher Hofmaster (all known examples have been analysed) 
and George Henry Rodenbostel (all except two).
For the nineteenth century the Pace family provide a broad view of musical 
instrument development and techniques used. It has not been possible to 
analyse all the instruments made by the Pace family primarily because of the 
quantity extant and the restraints set on this thesis (Chapter 7, 94).
The makers were all located in London. From early times London was the 
centre of musical instrument making and, more importantly, the chief buyers of 
musical instruments, the monarchy and the military, were based in London.
Where it has been possible to carry out more analyses on an instrument than 
usual several have been isolated as case studies and are discussed in Chapter 
11. These are two Horniman Museum objects: the William Bull horn 
(14.5.47/307) and the ‘hat’ horn by an unknown maker (14.5.47/254); a 3-valve 
cornopean by Charles Pace from the John Webb collection (JWnnl).
The makers are presented in chronological order. As reported in Chapter 5 the 
development of the copper and brass industries can be followed through the 
centuries and has a bearing on the metals available to the makers.
Measurements are not included for the musical instruments. It was felt that 
there are already many extant published detailed drawings of the earlier 
instruments in particular (see Figure 10.1), and they are not included in the
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(2492)
Natural Horn.
Nominal pitch: D.
Maker: Nicholas Winkings.
London.
Circa 1740.
Overall size: Corpus diameter 409.
Bore: mouthpipe 7.6; bell 239.
Diameter of mouthpiece receiver: m.r.t. 8.4 at end.
Technical description: Yellow brass. Meta] 
construction: 3 coils. 5 segments, all seamed. 
Gussetted bell. Mouthpipe length: 610.
Intermediate segment lengths: 920 (to original joint, 
across ferrule), 1010, 1130. Bell segment length: 
930. Bell segment external diameter at 100mm: 75; 
at stay: 58; at 200mm: 41; at bell diameter 34.
Inscribed on bell garland "NICHS WINKINGS 
MAKER / RED UON STREET HOLBORN / 
LONDON’.
Many small patches on body and larger ones on 
bell, the latter covering cracks. Some joints not 
original but covered by ferrules.
General usage of type: Orchestral I  chasse use.
Usable pitch: Plays in D 50 - 70 cents below A* — 
440 Hz, probably originally in D.
Performance characteristics: Plays freely to above 
16th harmonic. 11th harmonic much sharper than 
(2627).
Specific literature references: Bingham, 1983 item 
10; G.S.(1986) No 133.
Illustration references: Bingham, 1983 item 10; 
G.S.(1986) No 133.
Current ownership: Purchased in 1985 with 
assistance from the Government's Local Museums 
Purchase Fund, the National Heritage Memorial 
Fund and the Pilgrim Trust.
(2493)
Natural Horn.
Nominal pitch: D.
Maker: Nicholas Winkings. 
London.
Circa 1740.
Overall size: Corpus diameter 412.
Bore: mouthpipe 7.3; bell 245.
Diameter of mouthpiece receiver: m.r.t. 8.4 at end.
Technical description: Yellow brass. Metal 
construction: 5 segments, all Gussetted
bell. Mouthpipe length: 610. Intermediate segment 
lengths: 1010, 1100, 1030. Bell segment length: 
930. Bell segment external diameter at 100mm: 70; 
at stay: 59; at 200mm: 40; at bell diameter: 29.
Inscribed on bell garland "NICHOLAS WINKINGS 
/ MAKER IN RED LYON / STREET HOLBORN 
/ LONDON*.
Crack in garland.
Small and large patches on body.
General usage of type: Orchestral / chasse use.
Usable pitch: Plays in D 50 - 70 cents below A* — 
440 Hz, probably originally in D.
Performance characteristics: Not playable.
Illustration references: Vol. 1 p. 119.
Current ownership: Purchased in 1985 with 
assistance from the Government's Local Museums 
Purchase Fund, the National Heritage Memorial 
Fund and the Pilgrim Trust.
(3090)
Cor Trompette.
Natural horn in trumpet form.
Nominal pitch: Ek.
Maker: Couesnon.
Paris.
1929.
Overall size: Overall length 540, proximal coil to 
bell 520, height from bow 520.
Bore: mouthpipe 7.0; bell 259.
Diameter of mouthpiece receiver: m.r.t. 7.1 at end.
Technical description: Brass. Ligature tuning at 
mouthpipe. Metal construction: 4 coils.
Inscribed on bell ’INSTRUMENTS DE 
MUSIQUE* / monogram / "COUESNON & CIE
FIGURE 10.1 COPY OF PAGE FROM EUCHMI CATALOGUE FOR THE TWO WINKINGS HORNS
(2492 AND 2493) (EUCHMI catalogue 1992. Part H. Fascicle i. 11).
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study which is looking primarily at the composition of the metal components. 
References where they exist for instruments are cited in the ‘history’ field of 
Appendix F. Some metal thicknesses of the ‘sacrifical’ instruments were 
measured, mainly of the bells which are more easily accessible to a micrometer. 
These are included in the ‘comments’ field in Appendix E. The thickness of 
metal in relation to sound has been investigated by Smith (1986) who 
concluded that thickness did not seem to have any significant affect on the 
sound spectra, but that, under controlled conditions, players did seem to be 
able to distinguish between thick and thin materials (Smith 1986, 93).
10.2. Status o f musical instrument makers
In 1747 R. Campbell wrote a compendium for the ‘information of parents, and 
Instruction of youth in their choice of business’. In it he gives a breakdown of the 
various professions, including what skills were needed and how much might be 
earned. A goldsmith was ranked as the highest achievement, to be a musician 
was next to nothing ‘[I] should think it more reputable to bring my son up a 
blacksmith... then bind him Apprentice to the best Master of Music in England’ 
(Campbell 1747, 89). Musical instrument makers are only mentioned in 
Campbell’s appendix to his compendium. Campbell grudgingly admits that to be 
an organist was the best branch, those who make spinets and harpsichords or 
violins may succeed, and he makes absolutely no mention of ‘brass’ wind 
musical instrument makers (Campbell 1747, 325).
Certainly from the diaries of John Grano (ca1692- ca1748) who was trumpeter 
to the composer Handel (1658-1759), it is clear that Grano relied on patrons to 
help him and his family survive (Grano 1998, 3-4), but even so the life was 
precarious and his diary was actually written while he was in the Marshalsea 
debtor’s prison (Grano 1998). Crispian Steele-Perkins who wrote the foreword 
to the 1998 reprint of the diary ruefully comments that little has changed today. 
Only a minority of musicians enjoy a salary, employment is usually on a 
freelance basis (Grano 1998, xi).
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It is hardly surprising therefore that, particularly in the seventeenth and 
eighteenth centuries, musical instrument makers also made other things, or had 
other jobs. In fact the problem as Byrne pointed out is usually in identifying 
where and how they learnt to make musical instruments (Byrne 1992, 67).
10.3. Sources o f information
Work has been done on searching available records in order to identify 
workshop addresses, and the histories of makers. A great deal of new 
information, for example, is given in this study on the Pace family, who had very 
similar first names. This clarification on who individual members of the family 
were has not only added to, but also revised current biographical information, 
leading to much tighter dating of musical instruments made by that family (see 
Appendix C.8).
Other classes of records where information can be found include Poor Relief (or 
Rate Book) records, where it is possible to identify where makers were living, 
although they do not give information on whether a house is a dwelling or a 
workshop or both, Poll tax returns sometimes list who is living in the same 
house and occasionally the occupation of the householder.
Wills are a great source of information particularly on family connections for 
example in 1712 William Bull leaves his workshop tools to his son-in-law (and 
ex-apprentice) John Stevenson. In the will of John Winkings, brother to Nicholas 
Winkings, it is finally identified that they were of German origin. John 
Christopher Hofmaster leaves money in his will to protestant missionaries, 
highlighting the probable reason why he left Germany and came to England.
Apprenticeships and Freedoms records: Augustine Dudley had fourteen 
apprentices between 1653 and 1696 all training to be goldsmiths. However not 
all took their freedoms, and some may have gone into other fields. Grimwade 
(1990) comments that an interesting factor when looking into hallmarks (see 
below) was the number of goldsmiths on the registers who were, for one reason
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or another, free of another company other than that of their own craft. Musical 
instrument makers did not have a guild of their own at this time. To trade within 
the City of London without forfeit you had to be a freeman of one of the guilds. 
Byrne comments that he can only assume that the general skill of plate working 
was considered little different from trumpet making (Byrne 1966, 71). There 
were three ways to become a freeman of a guild or livery company: a) by 
patrimony, that is born to a freeman after that person’s own admission as a 
freeman, b) by servitude, that is by serving as an apprentice, usually for seven 
or eight years, to a freeman of that guild, or c) by redemption that is by 
purchasing the freedom (Herber 2000, 282). The Guilds’ powers had waned by 
the late eighteenth century, but previous to this, Bohun writing in 1702 (with a 
third edition of his work in 1723), reports how in the City any man who is not a 
freeman cannot keep any shop, or sell any goods or wares by retail without 
forfeit (Bohun 1702, 124). This led to the rise of the development of the ‘west 
end’ of the City of London where craftsmen and merchants to escape the tight 
controls of the City set up shop. This particularly applied to musical instrument 
makers such as Winkings and Hofmaster, who as aliens were expressly 
forbidden to trade in the City. Winkings setting up in Holborn, Hofmaster in 
Piccadilly.
In 1697 an act of Parliament introduced a new standard mark for silver. The 
mark was standardised to the figure of Britannia and the first two letters of the 
maker’s surname (Chaffers 1905, 52). This meant that all workers in silver had 
to register their names and marks at Goldsmiths Hall, whether they were 
goldsmiths or not (Grimwade 1990). Consequently these records have been 
another source of information for musical instrument makers included in this 
study. However only one instrument by Charles Pace has revealed a hall mark 
(see Vol.2 Figure 41).
Newspaper advertisements, almanacs, trade cards, trade directories, 
government documents such as the Ordnance records can all provide 
information. Royal records such as charters, patents and instructions,
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particularly for the early period, were issued through the Lord Chamberlain’s 
office which was responsible for the ‘Kings Musick’ (Ashbee, 1986-1996; Cart 
de La Fontaine, 1909).
A key source for family connections are the parish registers for baptisms, 
marriages and deaths. They were first ordered to be kept by Henry VIII (1509- 
1547) and have been maintained by the church ever since, except during the 
Commonwealth period when civilians called Parish Registers were employed 
(Herber 2000, 91-92). From 1837 there are the Office of National Statistics 
(ONS) official records of births, marriages and deaths. The main starting point 
for most genealogical research is the International Genealogical Index (IGI), 
which is compiled by the Genealogical Society of Utah established by the 
Church of Jesus Christ of Latter-Day Saints (the Mormons or LDS). Although 
not by any means complete it is by far the most extensive index of baptisms 
available, particularly as it covers all periods up to ca 1860, and all countries 
(Herber 2000, 110-116).
From 1841 the 10-year census cycle begins, although there were occasional 
censuses taken by regions, such as the one in Westminster in 1821, which 
showed that Matthew Pace and his sons had arrived in London from Dublin 
(see Appendix C8, 323).
10.4. Survival o f instruments
Very few inscribed English ‘brass’ musical instruments survive from the 
seventeenth century. As has been noted in Chapter 5 the copper and brass 
industries were stagnating in England in the early period of the study, and scrap 
brass and copper were at a premium. In addition musical instruments are 
produced in a workshop environment often where scrap copper alloy could be 
recycled. Consequently, the number of musical instruments that survive to the 
present day is of interest in the interpretation of the results of the technical 
investigations proposed by this thesis. In the eighteenth century the number of
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instruments surviving increases markedly, and proportionally by the nineteenth 
century a great number of instruments survive.
MAKER DATE No. OF INSTRUMENTS
Simon Beale Ca 1615-ca 1695 1
Augustine Dudley 1617-1707 3
William Bull Ca 1650-1712 5
John Harris Ca1672-1731 4
Christian Bennet Mid 18in C 1
Nicholas Winkings Ca 7-1768 7
John Christopher Hofmaster 1700-1764 6
George Henry Rodenbostel 7-1789 4
Charles & Frederick Pace 1819-1827 1
Frederick Pace 1828-1850 12
Charles Pace 1828-1849 53
Charles Pace & Son/s 1849-1858 10
FIGURE 10.2 COMPARISON NUMBERS OF INSTRUMENTS
By the nineteenth century, the market available to the maker was much 
broader, particularly from the military, where constant strife in Europe meant an 
increase in the numbers of standing armies and the demand for trumpets and 
horns (Heyde 1995, 106). In addition there had been the steady rise of church 
music, and the development of the brass band movement (Herbert and Myers 
1988). It was possible for a maker such as Charles Pace with a moderate sized 
workshop supporting three or four makers to develop a successful business. 
However the advent, after the mid-nineteenth century, of mass production 
methods introduced by manufacturers such as Distin brought most small 
businesses to an end (Baines1972).
The instruments that have survived were obviously greatly valued and in the 
case of one trumpet by William Bull an almost complete picture can be gained 
of its history (see Figure 11.5). A great many instruments in institutions or 
private collections have been bought at auction sales, where the confidentiality 
of the previous owner is preserved. With the passing of time, and because
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auction houses do not keep their records for any great period, it will become 
almost impossible to trace the history for whom instruments were made, or who 
owned them subsequently. That good instruments were valued is testified to by 
John Grano who in 1727 was loaned an ‘excellent trumpet of old Bull’s making’ 
(Grand 998, 211). The owner then was a Mr Holmes, who has been identified 
as ‘ an organist at Kensington’ (Grano1998, 345).
All the known surviving inscribed musical instruments from the seventeenth 
century have been analysed as part of this study. There are many anonymous 
musical instruments which can be attributed by style and other factors to the 
seventeenth century (Crane 1972), but it is intended to use only inscribed 
instruments where some idea of dating can be given, either by direct reference 
where the date is part of the inscription, or by identifying dates for the maker.
10.5 Summary
The musical instruments selected are a cross-section of the types of 
instruments that were available between 1661 and 1867. They were made by 
makers of renown who are acknowledged as producing good quality 
instruments, and can be considered indicative of the composition of the alloys 
being employed. The makers themselves were also innovative and proactive in 
the development of musical instruments.
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CHAPTER 11. MAKERS AND THEIR INSTRUMENTS
/7.7. Introduction
In this chapter, each musical instrument maker is examined individually, and his 
available history and background, and the identification and range of his 
surviving musical instruments are described.
Full biographical details of each maker are given in Appendix C. Included are 
details of the sources of information, which will be referred to, but not 
referenced again below.
It is intended that Volume 2 of this study should be used particularly in 
conjunction with this chapter. It has been set out in the same chronological 
order as the instrument makers to be discussed, and has been designed in 
landscape style to facilitate this. The pages hold full details about the 
instruments and their history, and in particular contain full analytical results for 
each. This new technical information is summarised in this chapter prior to full 
discussion in Chapter 12.
11.2.The seventeenth century: Simon Beale, Augustine Dudley, William 
Bull, John Harris.
11.2.1. Simon Beale ca 1615-ca 1682
i. The maker (for full biography see Appendix C2)
Little is known of Simon Beale’s early life. To date, his date of birth and 
parentage are unknown and even the date of death is not certain. A portrait of 
Beale survives engraved on a medallion. It has been suggested that this might 
be of Dutch manufacture (Byrne 1966, 81). The portrait shows a well-fleshed 
man possibly in his thirties (see Figure 11.1).
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FIGURE 11.1 MEDALLION PORTRAIT OF SIMON BEALE © TRUSTEES BRITISH MUSEUM
This could put his birth at about 1615. Halfpenny states that in 1682 Simon 
Beale was a man ‘of sixty seven’ years, but gives no evidence for this statement 
(Halfpenny 1969, 52). Again this would place Beale’s birth in about 1615.
It is probable that he was a trumpeter to King Charles I (1625-1645) and after 
the regicide in 1648 appears to have continued in Cromwell’s service.
During this period of history the musical activities at court and in churches and 
cathedrals ceased, but domestic musicians, such as the town waits, civic or 
military trumpeters who carried out a more functional role, were unaffected 
(Pepys 1983,Vol 10, 261). Beale is recorded in 1655 as supplying six 
trumpeters at the Hall of the Middle Temple for the anniversary of Cromwell’s 
assumption of office, and partaking in other ceremonial duties in 1656 and 
1657.
On the 29th May 1660 Charles II arrived in London. By 11 June 1660 the royal 
household was sworn in and Simon Beale was one of the six trumpeters. He 
was paid £60 per annum. On 16 December 1660 Pepys noted in his diary ‘it
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was my lot to meet with Simon Beale, the Trumpet, who took me and Tom. 
Doling into the guard in Scotland Yard and showed us Major General Overton' 
[Overton was allegedly involved in a plot to kill the king]. Some years later 
Pepys also noted that on 26 September 1668 as he walked away by Charing 
Cross he was led thither by Mr Beale, ‘one of Oliver’s and now of the King’s 
Guards.... a very civil man’ (Pepys 1970, Vol 1, 319).
In 1671 he was involved with Sir Samuel Morland (1625-1695), the diplomat, 
and inventor of the speaking trumpet or Tuba stentoro-phonica’. Morland made 
arrangements for selling the trumpets and he advertised that ‘the Instruments 
(or speaking Trumpets) of all sizes and Dimensions are Made and Sold by Mr 
Simon Beale one of His Majesties Trump, in Suffolk-street’ (Dickinson 1970, 40- 
42). There is a speaking trumpet by Morland in the library of Trinity College 
Cambridge, but although possibly made by Beale is not inscribed (Dickinson 
1970, 43).
Outside of his royal duties, Simon Beale lived in Suffolk Street until 1682. There 
is then a gap of ten years before he is traced to a property close by in Princes 
Street.
In 1682 four trumpeters were sent with James, Duke of York on board the 
frigate The Gloucester. On their way to Edinburgh the frigate hit the Ower sands 
off the coast of Yarmouth and sank. The Loyal Protestant records that two 
trumpeters who went with His Royal Highness were saved by swimming, and 
that when they arrived in Edinburgh, His Royal Highness gave them £40 a piece 
to buy new clothes. The article goes on to say that the kettle drummer sent was 
drowned (Loyal Protestant 1682, Thursday May 18). One hundred and thirty 
other men drowned and from the Lord Chamberlain’s records it is evident that, 
although not recorded by the Loyal Protestant, two of the trumpeters also were 
lost. In 1682 a warrant was issued for four silver trumpets to be delivered to 
Jervais Price the Sergeant Trumpeter to replace four trumpets lost at sea, and 
two trumpeters were replaced (Love 1984, 194).
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This incident is mentioned here because for some time it has been thought that 
Simon Beale might have been one of the trumpeters drowned (Halfpenny 1969, 
52). After 1682 Beale is no longer listed as a royal trumpeter and he has moved 
from his house in Suffolk Street. Halfpenny thought this fact might be more than 
coincidental. However Beale’s name is not one of those listed for compensation 
(Ashbee 1986, vol.1, 203). It should also be noted that Pepys was in one of the 
accompanying yachts The Catherine and witnessed the event (Love 1984, 194). 
As he appears to be familiar with Beale it would surely have been unusual for 
him not to have mentioned the loss of Beale if he had indeed drowned. This 
whole episode is tied in with Beale’s surviving instrument. The Troop of Guards 
sent with the duke was led by George Legge Esq. (who later in 1682 was raised 
to the peerage and became the first earl of Dartmouth). George’s grandson, 
also called George, in 1730 married Elizabeth Kaye, only daughter and heiress 
of Sir Arthur Kaye of Woodsome Hall near Huddersfield in Yorkshire. Halfpenny 
again felt that this was coincidental and that perhaps the Beale trumpet was 
saved from the wreck and kept by the first earl, ending up at Woodsome Hall 
(Halfpenny 1969, 52), where it was known as the ‘Luck of Woodsome Hall’.
The generally received legend relating to the instrument is that failure to blow it 
on certain specified occasions was provocative of ill-fortune’ (Harper 1922, 234- 
235).
The author has found a will for a Simon Beale dated 25 September 1695. In it 
he left his property to his wife Frances, and small bequests among them 10 
shillings to Thomas Christmas to buy a ring. His witnesses were Thomas Foot, 
John Powell and Jeremiah Hammond. The names Thomas Christmas, John 
Powell and Thomas Foot all appear as trumpeters in the Lord Chamberlain’s 
records (Ashbee 1986, 131, 224, 78). It is tempting to suggest that this, with yet 
another set of coincidences, is the same Simon Beale. Although the ten-year 
gap at present cannot be explained, it is possible that he did not die in 1682, but 
merely retired from service. If his birth were about 1615, in 1682 he would have 
been in his late sixties as Halfpenny suggested.
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ii. The instrument
The only surviving musical instrument by Simon Beale is a natural trumpet 
dated to1667 (Vol.2 Figure F.8) and is now in the permanent collections of the 
Bate Collection at Oxford University (X78). As related above, its existence is 
first noted in Woodsome Hall in Yorkshire. How it arrived there will probably 
never be proven. It could well have been bought by Sir Arthur Kaye’s family ‘as 
new’ or its historical links with the earls of Dartmouth might be true.
Hulbert writing in 1882 says that ‘ A silver trumpet of the date of the restoration, 
formerly “hung upon the wall,” but has also been removed and “speaks of war 
no more;” it served the office on recent occasions of festivity of summoning the 
Butler’ (Hulbert 1882, 178-179). This rough usage probably accounted for its 
need for restoration.
When Woodsome Hall and its contents were sold in 1921, the trumpet was 
bought at the Puttick and Simpson’s auction for seventy-five guineas by Mr 
Percival Griffiths of Sandridgebury near St Albans (Harper 1922, 234). His 
collection was sold on May 15, 1939 by auction at Christie, Manson & Woods 
Ltd. The trumpet was bought by Ralph Hyman who was then an antique silver 
dealer of 63 Great Russell Street, but by 1962 had moved to New York. 
Hyman’s records were lost and for some time the trumpet dropped out of sight. 
In 1967 it was bought at a Christies auction by Charles Dalglish of Bristol, it was 
then owned by John D. Read. Since 1977 the instrument has been on loan to 
the Bate Collection from the Dalglish family. In 2002, it was acquired 
permanently for the Bate Collection, with the assistance of a grant from the 
National Arts Collection Fund.
Halfpenny had always considered that the Beale trumpet had been restored in 
the nineteenth century, when it had been soldered up solid, the wrong way 
round with the mouthpiece receiver to the left of the bell. He also noted that the 
bell section appeared to be divided under the ball and he suspected that the
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flaring part of the bell was not original, as the ligature perforations in the garland 
did not penetrate the bell metal itself. His general impression was that the 
trumpet had been restored in the mid-nineteenth century when the oak box that 
it now is associated with, was made (Halfpenny 1969, 51-54).
Dr Robert Barclay Senior Conservator at the Canadian Conservation Institute in 
Ottawa, Canada, was invited by the Curator of the Bate Collection to examine 
the trumpet and comment on its manufacture (Barclay report to the Bate 
Collection 6 May 2002). His comments were made based on his point of view 
as an instrument-maker and as one who has made a study of early 
metalworking techniques. In essence, from his very detailed report, he felt that 
the trumpet had been restored at some time in its existence, but that, apart from 
the ferrules, it had been assembled in the appropriate configuration. Barclay 
went on to note that the bell is more recent than the rest of the instrument and 
the evidence for this is also to be seen in the modern toothed seam [metal 
smiths join] with darts at long intervals, in contrast to the traditional densely 
toothed seam visible on the bell pipe. The ferrules, ball and garland are original. 
Barclay feels that the trumpet shows two definite phases of treatment; one 
when it was new, and a second when the bell was replaced, the joints soldered 
up, and all non-silver parts polished.
iii. The analysis (see Vol. 2, 394-395)
The trumpet is basically made of a ternary alloy of copper/tin/zinc. The bell is a 
cementation brass, and the decorative elements such as the ball, garland and 
ferrules are of silver. If Beale is following the tradition of Dudley (Vol.2, 384-392) 
and Harris (Vol.2, 402-407) then the ternary alloy parts could well be 
seventeenth century in origin. Work by Cameron (1974) and Brownsword and 
Ciuffini (1988) show that ternary alloys were common in the early medieval 
period, and although most of their studies come to an end in the early 
seventeenth century, it is significant that there seems to be a tradition of these 
mixed alloys in England (see Chapter 12).
154
CHAPTER 11. MAKERS, INSTRUMENTS AND THE ANALYSIS
11.2.2. Augustine Dudley (1617-1707)
i. The Maker (For full biography see Appendix C1)
Augustine Dudley, born in Norwich in 1617, has been identified with a goldsmith 
of the same name (Byrne 1966, 76). Augustine Dudley was apprenticed to 
Thomas Cooke, goldsmith, in 1635 and took his freedom in 1644. He was 
active in the Goldsmiths Company, being a member of the Court of Assistants, 
was elected Warden to three separate terms, and once elected as Prime 
Warden in 1693. He was regularly present at the Court of Assistants, his last 
attendance being on the 10th February 1707 at the age of 90.
Augustine Dudley’s last apprentice Robert Dudley (identified during research for 
this study as his great nephew) taken on in September 1696 was very soon 
turned over (November 1696) to complete his apprenticeship with goldsmith 
John Downham. Quite possibly by this time Dudley was not a fully active 
goldsmith or trumpet maker. Byrne had a problem locating Dudley in the poor- 
rate books after 1696 (Byrne 1966, 76), but it is probable that he no longer 
owned or leased a property, but was ‘lodging’ (see below) and therefore would 
not be named. A widow Dudley applies to Goldsmiths for a pension in May of 
1707, which could indicate that Augustine Dudley died soon after his last 
appearance at the Court of Assistants in 1707. The author has found a burial for 
an Augustine Dudley in the burial registers of St Michael Wood Street, London 
for 18 February 1707, which puts him in the right place, and at the right date. 
However neither his age nor his profession is given, and he is merely noted as 
being a ‘lodger’. Consequently to date it has not been possible to conclusively 
pinpoint exactly when Augustine Dudley died or where he is buried, and no will 
has been found for him. However at the age of 90 he was probably not active in 
his practical trade anymore. It appears that he had no children, and if his widow 
is seeking a pension after his death, it is most likely that he died in unfavourable 
circumstances.
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Prior to the introduction of the Britannia standard mark for silver in 1697 each 
workman could devise his own mark. To keep track of these and so that they 
were known to all, a large copper plate hung in the entrance way to Goldsmiths 
Hall and each workman struck his mark on the plate. The plate was probably 
first used in 1675. It is possible that one of two marks on the plate with the 
initials AD may refer to Augustine Dudley, but no examples of his goldsmiths 
work have survived, and the silverwork on his trumpets is not marked.
ii. The instruments
Only three instruments by Augustine Dudley survive: two trumpets in the 
collections of the Museum of London (MOL) (A24656 and 64.147, see Vol. 2 
Figures F.5 and F.7) and one in the Burrell Collection near Glasgow (43.291 
see Vol.2 Figure F.6. The two in the care of the MOL are both inscribed on the 
garland Augustine Dudley Londini Fecit and both are dated with the date 
appearing between Londini and Fecit. The one in the Burrell is dated 1665, the 
two in the Museum of London, 1651 and 1666. The starting date for this study is 
taken from the earliest surviving inscribed instrument, the Augustine Dudley 
1651. The silver garlands on all are decorated with heads of winged cherubs 
with a decorative flower element in between each head.
They are all ‘natural’ trumpets, that is they have a fixed tube length, and their 
only notes are those of the harmonic series particular to that tube length (Bate 
1972, 38). Up until about 1520, trumpets were long and straight. However about 
this time skills were developed in bending hollow brass tubing, consequently all 
but the smallest trumpets have from early times been folded back on 
themselves (Bate 1972, 39). Once the bent forms developed they soon took 
over. Players preferred the portability and control afforded by the newer shape 
(Herbert and Wallace1997, 43). By the seventeenth century the trumpet 
ensemble consisted of the natural trumpet and the slide trumpet.
They were used on the field of war (see Figure 11.2 painting after the battle of
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FIGURE 11.2 ‘AFTER THE BATTLE OF NASEBY IN 1645’ BY SIR JOHN GILBERT. TOWNELEY HALL 
A RT GALLERY AND MUSEUM. BURNLEY © THE BRIDGEMAN ART LIBRARY
Naseby), as well as for concert or ceremonial use (see Figure 11.3).
FIGURE 11.3 TRUMPETERS AT CORONATION OF JAMES II (SANDFORD 1687)
The natural trumpet is assembled from about fourteen different parts (see Vol. 2 
Figure F.1), some of which are: the bell, two yards, 5 ferrules, a garland, and 
usually about eight feet of tubing (Barclay 1997b, 26).
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Natural trumpet (MOL A24656)
According to Halfpenny the 1651 instrument (A24656; Vol.2 Figure F.5) has 
been rebuilt, slightly shortened and the cordage and ball removed (Halfpenny 
1962, 19). This instrument was first noted at an exhibition held in Fishmongers’ 
Hall in 1904 when it was the property of a Mr A.H. Littleton (Halfpenny 1962,
23). It was acquired by the MOL at a Sotheby’s sale in 1922. By the time of the 
analysis a modern cord had been wrapped around the tubes in the 
seventeenth-century style (date unknown).
Natural trumpet (Burrell 43.291)
The natural trumpet in the Burrell Collection (see Vol.2 Figure F.6) has not 
been published, but has been examined and measured by Arnold Myers curator 
of the Edinburgh University Collection of Historic Musical Instruments 
(EUCHMI). He describes the trumpet as having yards and bows made of 
‘copper’ with silver ferrules, garland and ball (personal communication, including 
copies of his notes and measurements, 17 January 2002). The instrument is 
dated to 1665. There is very little detail in Sir William Burrell’s Purchase Books. 
He bought the trumpet in 1931 for £20 from an R.Lauder.
Natural Trumpet (MOL 64.147)
This instrument dated to 1666 (Vol. 2 Figure F.7) was acquired by the MOL at a 
Sotheby’s sale in 1964. Halfpenny describes it as being a trumpet with what he 
calls a Mark n ball, that is with the mouthpipe passing through the centre 
section only, the two supporters being grooved to take it. Halfpenny stresses 
that because of this structure it is only with difficulty that an instrument could be 
assembled in the wrong order. He opined that the trumpet was in its original 
state with loose mouthpipe lapped to the bell section only by the cordage, and 
that the cord and tassels were original (Halfpenny 1969, 51, 55).
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iii. The analysis (Vol. 2, 384-392)
The two natural trumpets at the Museum of London have been published by 
Halfpenny. He refers to both of them as being made of ‘bastard brass’ with 
silver mounts (Halfpenny 1969, 51). A review of publications by Halfpenny has 
not shown what he meant by bastard brass. It is probable he is taking the term 
from Talbot’s descriptions of what William Bull said about the best metal to use 
for instruments (see Chapter 3, Figure 3.6; Talbot 1692-1695). However 
Michael Wright, Curator of Mechanical Engineering at the Science Museum in 
London, in his extra-mural role as musical instrument maker and player feels 
that bastard brass signifies bronze (personal communication 2002). In all other 
articles the instruments are referred to by the generic term ‘brass’.
Analysis of the two trumpets was initially carried out at the Victoria & Albert 
Museum (V&A). The qualitative analysis indicated that most components of the 
trumpets were a ternary alloy of copper/tin/zinc. As discussed in Chapter 7 one 
of the points to consider when using the V&A equipment is that sufficient 
standards are run in order to quantify the results. As this was not done at the 
time, and as the bulk of the instruments examined for this study were analysed 
at the RLAHA, it was decided that rather than re-run the instruments on the 
V&A equipment that they would be re-examined in Oxford. This has also 
provided a useful comparison, as these are some of the few instruments to be 
examined at more than one XRF site.
The trumpets are made of a ternary alloy of copper/tin/zinc with silver fittings.
11.2.3. William Bull (ca 1650 -  1712)
i) The maker (For fu ll biography see Appendix C3)
In comparison with Simon Beale and Augustine Dudley there is a wealth of 
surviving historical evidence regarding William Bull. This has been well 
researched by Maurice Byrne (Byrne 1992), and augmented by the author who
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in 2000 delivered a paper at a musical instrument conference in Limoges on a 
summary of his working methods and reported on some of the results of the 
analytical work (See Appendix A).
On the introduction of the new Britannia standard mark for silver William Bull 
enters his mark at Goldsmiths Hall in 1698 describing himself as a free 
haberdasher and living in the Haymarket. His signature in the books at 
Goldsmiths Hall matches his signature in the Lord Chamberlains records 
(Appendix A, 269). From his trade card, and from the poor relief rate books, we 
know that apart from trumpets and horns, he is making everyday articles of 
silver and that he was living in the Haymarket (see Appendix A, 270). The only 
known surviving silver item with Bull’s mark on it is a ‘bayonet-top sugar caster* 
with modern chasing in private hands (Jackson 1964, 154). There is some 
confusion as to whether he did actually achieve his freedom of the 
Haberdashers by servitude or whether he bought it by redemption. Byrne made 
an error the first time he researched the records in 1966 (Byrne 1966, 79) 
attributing him to a William Bull whose father was also a William Bull and 
goldsmith maker. Grimwade compounded the error by attributing him to yet 
another apprentice in service to a John Glover haberdasher (Grimwade 1990, 
453). However by 1992 Byrne had revisited the records and realized that the 
dates did not fit with what we do know about William Bull, particularly his 
employment as trumpeter to the monarchy, and the fact that he describes 
himself as a free haberdasher and not as a goldsmith. Also he could not be 
taking up an apprenticeship as a haberdasher with John Glover in 1684 when 
by then he is married with three children, and has been in the employment of 
Charles II (1660-1685) since 1677. There are two other William Bulls in the 
Haberdashers records and both could fit. One bought his freedom by 
redemption in 1673 and the other in 1671 by servitude to Mary Tibbals. 
Unfortunately there is very little information with freedoms bought by 
redemption. For the apprenticeship to Mary Tibbals in 1664, William Bull is 
described as being the son of Edward Bull, late of Bateman in the county of 
Bedford, carpenter. The date of ca 1650 for William Bull’s birth has always been
160
CHAPTER 11. MAKERS, INSTRUMENTS AND THE ANALYSIS
derived from this date of his apprenticeship, as servitude started usually at the 
age of 14 (no record has been found of his birth and on his death in 1712 there 
is no mention of his age in the burials register). Records during the 
Commonwealth period are erratic (Herber 2000, 92) and Byrne identifies a birth 
in 1643 of a son William to an Edward and Rachel Bull. William Bull’s first son 
who died young was called Edward and one of his daughters was called 
Rachel, which is an indication that this William Bull could be the right one 
(Byrne 1992, 67). However this would mean that William Bull would have been 
twenty one
before taking up his apprenticeship in 1664 with Mary Tibbals. The Civil War 
and the Commonwealth period does appear to have disrupted many lives and 
daily practises. Augustine Dudley was 18 when he took up his apprenticeship in 
1644. However in 1666 William Bull is sworn in as a Trumpeter Extraordinary to 
the court of Charles II, five years before the end of his apprenticeship. This was 
not a paid nor a permanent or full-time post (Halfpenny 1951, 106). It is possible 
that he may have had permission from his servitude to partake in events when 
required. However it is more likely that as his other business developed it was 
in his interest to align himself with one of the guilds and that he actually bought 
his freedom from Haberdashers in1673. However, apart from tying up an 
irritating loose end, none of this adds to our knowledge of where he learnt to 
play trumpet or where he leamt to make them (Byrne 1992, 67).
That he could play is attested by the fact that in 1666 he became trumpeter 
extraordinary to the newly restored King Charles II, and was elevated in 1678 to 
trumpeter in ordinary. From the Lord Chamberlain’s records kept at Britain’s 
National Archives, at Kew, it is possible to chart his course through the years 
until he retired from service in 1700 (Cart de la Fontaine 1909; Ashbee 1987- 
1991; Appendix C3). William Bull appears to have had other duties apart from 
trumpeting, where he is often listed as one of the trumpeters at state occasions, 
such as the Coronation of James II in 1685 (see Figure 11.3; Sandford 1687; 
Halfpenny 1951, 106). Apart from repairing and making trumpets he also seems 
to have had signing responsibilities for issuing trumpets, sending them out for
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repair, and receiving them back in (see Appendix C3). As a King’s trumpeter 
William Bull was based at the Tower of London, but probably did not live there 
(personal communication Maurice Bryne 1999). The earliest evidence so far for 
abode and workshop is from 1677 when there are records of him living close to 
the Tower particularly in Hatchet Alley at the Postern Gate to the Tower (see 
Figure 11.4).
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Hatchett Alley
FIGURE 11.4 OGILBY & MORGAN MAP CITY OF LONDON 1676 SHOWING BULL/HARRIS
WORKSHOP IN HATCHET ALLEY
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Later on these premises were occupied by his first apprentice William Mawley 
and then by another apprentice (and son-in-law) musical instrument maker John 
Harris (see below).
William Bull had nine apprentices who started with him between 1677 and 1707, 
four of them having to be turned over to new masters on his death in 1712. One 
of them, John Harris, married his daughter Rachel in 1703. His other daughter 
Dennis had married a fellow trumpeter John Stevenson in 1688. William Bull 
died on 9 April 1712 and is buried, with his wife Dennis, in the churchyard of the 
parish church of St Martin in Brasted Kent, where his son Michael was Rector 
for 55 years. In his will, William Bull left his shop tools to John Stevenson, but 
Byrne doubts that he was an instrument maker and suspects that his role as the 
senior son-in-law may have been managerial (Byrne 1992, 71). John Harris has 
been linked with two trumpets bearing that name and is discussed below. The 
workshop in Hatchet Alley continued in Harris’ use until at least 1718, and 
suggests that this was a workshop which had facilities and was capable of 
recycling old trumpets as well as making new ones.
Although there has been much excavation work undertaken in and around the 
Tower of London, the site of Hatchet Alley was never investigated before being 
destroyed for the construction of Tower Hill Underground station in the 
nineteenth century. The site escaped the Great Fire of London in 1666. This 
was good fortune for the occupants at the time, but properties that were 
destroyed were entitled to compensation, and such records could have provided 
information on the type of premises and its contents.
ii) The instruments
Only five of William Bull’s instruments survive, four trumpets and one horn. Two 
trumpets are solid silver and do not form part of this study. They are in the 
collections of the Warwick County Museum and the Ashmolean Museum, 
Oxford. A third trumpet is in the collections of the Museum of London (MOL 
A23580), the fourth is in private hands. The horn is in the collections of the
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Horniman Museum (14.5.47/307) and will be dealt with in detail as a case study 
(see Chapter 13). They are all inscribed WILLIAM BULL/LONDINI/FECIT. The 
only dated piece is the horn, which is inscribed 1699.
Natural trumpet (MOL A23580)
The MOL trumpet is a natural trumpet (see p 156, Vol.2 Figure F.9). Halfpenny 
describes it as having its own mouthpiece although this is now soldered to the 
bell section (Halfpenny 1962, 19). Wheeler comments that the instrument has 
been shortened at the mouthpiece end, probably by Harper Sr (see below, 
Figure 11.5), to give it a sharper pitch so that it could be used orchestrally at 
mid-nineteenth-century pitch (Wheeler 1965,15). The large ball is pierced by the 
first yard (Vol.2 Figure F.9). The ferrules follow the typical arrangement of that 
period, from the mouthpiece, long -  short -  long -  short -  long (Halfpenny 
1962, 18,19).
The MOL trumpet’s history can be traced back to the late eighteenth century 
(see Figure 11.5) when it first can be identified in the collection of Thomas 
Harper Sr (1786-1853), and then of his son Thomas John Harper Jr (1816- 
1898). Thomas Harper Sr was a trumpeter famous in his day for playing and 
developing the slide trumpet, and for his slide trumpet tutor (Sorenson and 
Webb1980, 41). He also made various improvements to musical instruments.
He is credited with developing the elastic cord slide trumpet, a mechanism to 
aid the control of the slide, and precursor of the clock spring mechanism (Webb 
1993, 267).
By the middle of the nineteenth century there was an interest in old musical 
instruments as ‘art’ objects. Displayed in various exhibitions and at both the 
1885 Loan exhibition and the 1889 Paris exhibition, the trumpet was said to be 
dated to 1680 (Hipkins 1888; Pierre 1890). An examination of Hipkins’ archive
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in the University of London Special Collections Library sheds no further light on 
this, and one can only presume that there was an oral history associated with 
the trumpet which is now lost. The date of 1680 has been used as a 
chronological date for this trumpet (Vol.2, 352). As with the Dudley trumpets 
seen earlier, the Bull trumpet has also been solidly rebuilt during its lifetime 
(Halfpenny 1962, 19).
iii. The analysis (Appendix F, 397-398)
The results from the slide trumpet (A23580) show the bell, yards 1 and 2, and 
bow 1 to be a binary alloy of copper and tin. The mouthpiece is a ternary alloy 
of copper/tin/zinc. The patch repair to bow 1 has been carried out with sheet 
copper.
The horn in the Horniman collection (14.5.47/307) is of copper with brass 
garland.
Mention has to be made at this point of the William Bull trumpet in private 
hands. The information is a personal communication from Michael Wright, 
Curator of Mechanical Engineering at the Science Museum in London who is in 
contact with the owner. At some time in the past the owner had the instrument 
analysed which showed it also to be a copper/tin alloy. However nothing is 
known about the other constituents whether there was zinc present, for 
example, as with the Dudley trumpets. The owner does not wish to be identified, 
nor was willing to share and compare results. One can only suppose that it is a 
bronze like the MOL trumpet.
71.2.4. John Harris (ca 1672-1731)
i. The maker (for full biography see Appendix C4)
Like William Bull, John Harris has been well researched by Byrne (1992). John 
Harris was apprenticed to William Bull in 1686, through the Haberdashers 
Company, but did not take up his freedom until 1699. Like Bull he was a
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trumpeter, becoming Queen's trumpeter in 1708 (Queen Anne 1702-1714). In 
1709 he was a trumpeter in the Fourth Troop of the Horse Guards, and was 
also apparently a City trumpeter (for the City of London) surrendering his 
position in 1712. In 1715 he took his nephew William Edward Stevenson (Bull’s 
daughter Dennis had married fellow trumpeter John Stevenson) as apprentice, 
and in 1723 his own two sons, William Bull Harris and John Harris. His wife 
Rachel nee Bull died in 1730 and John Harris died in 1731. They too are buried 
in the churchyard of the parish church of St Martin in Brasted, Kent.
ii. The instruments
Four instruments by John Harris survive, two of silver and two of copper alloy. 
The two silver trumpets were bought in 1716 to form part of the regalia of the 
Corporation of Bristol (Wheeler 1965, 14). Of the two copper alloy trumpets, one 
is in the Bate Collection, Oxford University (X70), the other in the collection of 
the Royal College of Music Museum of Instruments (RCM 189).
Trumpet (Royal College of Music Museum of Instruments (RCM 189)
An original natural trumpet in D, it has been reconstructed as a slide trumpet in 
F (Ridley1982, 55-56; see Vol.2 Figure F.11). This is reputed to have been 
carried out by Thomas Harper Sr who owned the trumpet (Sorenson and Webb 
1980, 43). It was passed down in his family and donated to the Royal College of 
Music by his great-grandson Thomas F. Harper in 1924.
Trumpet (Bate Collection X70)
Originally a natural trumpet, it was converted to a slide trumpet, which 
shortened the instrument in the process (see Vol.2 Figure F.12). Its ownership 
can be traced back to Thomas Harper Jr (1816-1898), but may originally have 
belonged to his father Thomas Harper Sr, who is known to have experimented 
with and altered instruments. According to Harper Jr the instrument was the 
model for Kohler’s slide trumpet. The Kohlers were a musical instrument making 
family from 1780-1904, much associated with the Harper family (Sorenson and 
Webb 1986). The trumpet then came into the private possession of Walter
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Morrow who sold it to Philip Bate (1909-1999). Bate exchanged it for a cor 
anglais with Anthony Baines. The trumpet was on loan to the Bate Collection 
until Baines’ death in 1997, when it was donated to the Bate Collection.
iii. The analysis (Vol. 2, 402-407)
Both trumpets show the same ternary alloy of copper, zinc and tin as the 
Augustine Dudley trumpets. The bell, and yards 1 and 2 of the Bate Harris 
trumpet are of the same ternary alloy. The RCM trumpet has had many 
replacement parts, but the original bell is a high copper alloy with quantities of 
tin and zinc. The reconstructed elements to the RCM trumpet i.e. the tubing and 
spring box are a mixture of cementation brass and direct method brass. This 
combination of brasses is quite compatible with the history of the work being 
carried out by Thomas Harper Sr. His working life spans a period when the 
common use of brass made by the cementation process is being replaced by 
direct method brass, and it would be perfectly reasonable for his workshop to 
contain sheets of both. Compatible with this theory is that Webb considers that 
the conversion from natural to slide of the Bate trumpet would have taken place 
in the last quarter of the eighteenth century (Webb 1993, 264).
7 7.2.5. Summary seventeenth century
The striking aspect of the results from all the seventeenth century trumpets is 
that the original parts are not brass.
The MOL Bull trumpet is a binary alloy of copper and tin (bronze) and at present 
all one can suppose is that the trumpet in private ownership is similar.
The Dudley, Harris, and parts of the Beale trumpets are of a ternary alloy where 
the main component is copper, with tin and zinc as the next major components. 
Silver, arsenic, iron and nickel are typical of the trace metals identified.
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11.3. The eighteenth century: John Harris, Christian Ben net, Nicholas 
Winkings, John Christopher Hofmaster, George Henry Rodenbostel
11.3.1. John Harris (ca 1672-1731)
i. The Maker ( for full biography see Appendix C4)
The lifetime of John Harris spans the seventeenth to the eighteenth century. A 
summary of his details is given above. All his surviving instruments are from the 
eighteenth century. The main part of his working life could be said to take place 
from the date of his completing his apprenticeship in 1694 to his death in 1731.
It is a reasonable assumption that after completing his apprenticeship he 
continued working for William Bull, marrying one of his daughters, Rachel, in 
1703. He became the ratepayer at the Hatchet Alley address in 1698, when 
Bull had already moved to the Haymarket. Bull’s first apprentice William Mawley 
had died within a year of taking over the premises in 1697 (Waterhouse 1993, 
256). Bull retired as a royal trumpeter in 1700 at which time he had also moved 
to Hunt’s Court (this today is the rear exit to the Odeon Cinema in Leicester 
Square). Bull is still advertising as making trumpets and other items (see trade 
card Appendix A, 269). Hunt’s Court however is a dwelling only and not a 
workshop. It is probable therefore that Harris and Bull’s other son-in-law John 
Stevenson continued running the workshop in Hatchet Alley. Consequently 
Harris probably did not apply his own name to an instrument until Bull’s death in 
1712. The two silver trumpets can be dated to 1716. If Harris is working under 
his own name from 1712 to his death in 1731, then a median chronological date 
of 1722 could be attributed to his two copper alloy trumpets.
11.3.2. Christian Ben net (mid eighteenth century)
i. The maker (No biography in Appendix C.)
Nothing is known about Christian Bennet, apart from the address of Aire Street 
Pickadilly’ on the inscription to his sole surviving instrument. The author has 
made a search of rate books for Aire Street in Piccadilly, and also while
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searching for information on other makers has always kept Bennet in mind. The 
author has also examined parish registers for baptisms, marriages and deaths 
in the area around Aire Street, but to date has been unable to identify or locate 
him.
ii. The instrument
Only one instrument, a French horn, or corno da caccia, survives by this maker 
in the Bate Collection, Oxford Univeristy (603; see Vol. 2 Figure F.13). It was 
bought for the Bate Collection in a Christies sale in 1975. For discussion on 
French horns see below p. 173.
The date of mid-eighteenth century has been put on the instrument on the 
grounds of its style (Bate Collection catalogue). Harris thinks it could be dated 
to about 1720 also based on the style of workmanship (Harris 1996,18). In this 
case the Bennet would represent the earliest example of an English-made horn 
with a bell gusset (see Vol.2 Figure F.13).
Made of copper alloy the horn is in three coils as a stepped cylindrical tube in 
around six segments, and bound with leather (Harris 1996, 18). The leather 
binding restricts access for points of analysis.
iii. The analysis (Vol.2, 408-410)
The bell is of copper, as is the tube to the outer coil, indicating an all copper 
body. The garland, mouthpiece receiver and mouthpiece are all brass. The 
mixture is very ‘clean’ in the 67% copper, 33% zinc range, with very little in the 
way of trace metals. The copper elements are similarly very ‘clean’ with only a 
trace of arsenic. This would suggest good quality copper for the body with direct 
method brass used for the more decorative features.
11.3.3. Nicholas Winkings (b. Germany -  1768)
i. The maker (full biography Appendix C5)
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Nicholas Winkings was born in Germany and arrived in England sometime 
before his marriage to Abigail Shaw in 1732. The author identified Germany as 
his birthplace by examining the will of his brother John Winkings (PRO PROB 
10/1180). John Winkings died in 1787 and left various charities (still continued 
today) to the Parish of East Moulsey in Surrey. He also requested to be buried 
in the same vault as his brother Nicholas. In the acknowledgment of his 
generosity in the burials register he is called a ‘native of Germany’. In his will he 
leaves a picture of the city of Bremen to his servant. However an IGI search for 
Germany, although not providing any further information on Nicholas Winkings’ 
background, indicates that the name Winkings is grouped mainly in the 
Westphalia region of Germany.
To date nothing is known of Nicholas Winkings’ whereabouts before 1732. In 
the same year as he marries Abigail Shaw he also appears in the poor rate 
books as the lease holder for 20 Red Lion Street in Holborn, London. The Red 
Lion (or Lyon) St address (see p. 174) is inscribed on all his instruments. They 
had two sons, John born in 1734 and Samuel in 1735. In 1753 Winkings 
(although he does not die until 1768) makes his will in which, apart from minor 
legacies, he sets up an investment in government securities for his wife to have 
the benefit of the interest. The lease of the Red Lion Street property was to go 
to his first son John on the proviso that he gave his brother Samuel £100.00 or 
vice versa if John did not want the house. John dies first in 1767, and no doubt 
because of the family connection is buried in the churchyard of St Mary’s 
Church at East Moulsey. Nicholas dies in 1768 and is also buried in the family 
vault at East Moulsey. Samuel survives his father by a few years, taking over 
the property in Red Lion Street. His name is inserted over Nicholas’ in the poor 
rate book for 1767/68. The poor rate books held by Holborn Library are not 
complete and the next few years until his death in 1771 are missing. However 
Samuel does not mention the property in his will and as Nicholas appears to 
have left the family quite well provided for, he had no need to follow in his 
father’s footsteps and probably soon disposed of it. The site does appear to 
have been a fully functional workshop. By 1772 the lease is held by John
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Swinbell, who may have been a maker but is not known. He, in turn, is followed 
by brass instrument maker William Shaw (Waterhouse 1993, 393). Samuel died 
in 1771 and is also buried in East Moulsey. Abigail followed them in 1778.
As an alien Nicholas Winkings could not be employed by freemen of the City of 
London without forfeit, nor could he trade in the City without forfeiting £5 a day 
(Bohun 1702 and 1723). Consequently many aliens set up shop at the ‘west 
end’ outside the city walls. Naturalization was possible by Act of Parliament, but 
another way to be enfranchised was to take out papers of denization (Public 
Record Office 2001). When the king made a denizen by letters patent, the 
denizen could purchase land, and his heirs, only if they were born after the 
event, could inherit them (Beawes 1783, 355). Nicholas Winkings received his 
papers of denization on 13 March 1767 when he describes himself as an 
ironmonger and brasier (Shaw 1923, 171). This situation could explain why his 
will is couched in the terms that it is, providing money rather than property. 
Compare this, for example, to William Bull’s will where he primarily leaves 
property to his heirs (Appendix C3, 307).
Nicholas Winkings enters his mark ‘NW’ at Goldsmiths Hall in 1751 where he is 
described as a ‘large worker’ of Red Lyon Street, Holborn (Byrne 1966, 81). 
Jackson records that there is a silver tankard (dated 1751/2) in private hands 
with a Winkings mark on it (Jackson 1964, 201). Otherwise no other items with 
his mark are recorded.
Nicholas Winkings is considered one of the leading makers of his day and in 
1763 he is described as ‘French Horn Maker to his Majesties Hunt’ (Mortimer 
1763, 52).
ii. The instruments
Eight instruments by Nicholas Winkings survive, and they have all been 
analysed as part of this study. Six are French horns, one is a natural horn, and 
one is a natural trumpet.
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Three of the French horns (and the natural trumpet) are in the care of the 
Edinburgh University Collection of Historic Musical Instruments (EUCHMI) 
(Vol.2, 420-431), one French horn is in the Bate Collection at Oxford University 
(Vol.2, 411-413), one in Norwich Castle Museum (Vol.2, 414-416), and one in 
Saltram House near Plymouth (Vol.2, 417-419).
The natural horn is in the collections of the Horniman Museum (Vol.2, 432-434). 
The horns
Six of the horns are of the French horn variety, also called natural horns, cor de 
chasse, corno da caccia or hunting horns. As there is no concensus in the 
musical instrument world as to which term to use, for the purposes of this study 
French horn will be used (Tuckwell 1983, 20-22). The horn originated in France 
and probably arrived in England after the restoration of Charles II. Charles 
spent much time in France during his exile (Morley-Pegge 1960, 18-19). William 
Bull advertises that he is a maker of French horns on his trade card (Appendix 
A, 269; Morley-Pegge 1961, 297).
The six French horns
In its simplest form the horn is a slender conical tube coiled in one or more 
circles, which expands towards a widely flaring bell (Morley-Pegge 1961, 298). 
The six horns by Winkings are all triple-coiled and constructed in about six 
segments (including the short mouthpiece receiver (Harris 1996, 23). It is typical 
of his work that to accommodate the wide flare, a gusset is inserted into the bell 
(see Vol.2 Figure F.15 and Chapter 2 Figure 2.2, 42). The large hoop was 
introduced in the early eighteenth century and the instrument was held 
horizontally at least at shoulder height (Morley-Pegge 1961, 297; Diderot and 
Alembert 1763, PI.IV; see Figure 11.6 and 11.7).
There are no dates on the horns. With the little knowledge we have of the early 
years of Nicholas Winkings the author has taken 1732 as the start date for his
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FIGURE 11.6 HUNTING SCENE WITH HORNS TAKEN FROM DIDEROT AND ALEMBERT PLATE III
working life ending with his death in 1768. When Harris wrote his dissertation 
(1996) he was unaware of the early evidence for Winkings in London prior to his 
registering his mark at Goldsmiths Hall in 1751. He could only divide the six 
French horns into three periods; early, middle and final.
Early period: Bate (604)
Norwich (147-940)
Middle period: Saltram House (SH 2)
EUCHMI ( 2627 and 2493)
Final period: EUCHMI (2492)
His reasoning was that as the standard of craftsmanship improved the bell 
gusset got smaller, and this is clearly evident in the case of Winkings (Harris 
1996, 22).
He also looked at the inscription and noted that the style becomes more 
elaborate with each period. The spelling of Red Lyon or Lion also changes. In 
1751, Winkings registers his address at Goldsmiths Hall as ‘Lion’ (Heal 1972, 
271), and Mortimers Directory in 1763 also uses the ‘Lion’ spelling (Mortimer 
1763, 52). The author’s research into the poor rate books for Red Lion Street 
shows that either spelling could be used (see Appendix C5, 317). However both 
the early and middle periods could date from at least before 1751. Taking 
Winkings’ working life from 1732 to 1768 a mean date of 1750 could be arrived
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at, which fits in with Harris’ and the author’s research. This has been used as 
the chronological date for the instruments in the early and middle period (see 
Vol.2, 352).
In England the horns were rarely used in the hunting field, but mainly used for 
entertainment, two performers playing duets being the usual arrangement 
(Baines 1961, 298; Harris 1996, 4). The Winkings horn from Saltram House 
(SH2; Vol.2 Figure F.16) is linked with a similar horn by Hofmaster (SH1; Vol.2 
Figure F.23). A painting by Tomkin dated to 1770, shows the amphitheatre at 
Saltram with two horns being played as a boatload of guests arrive (see Figure 
11.7).
FIGURE 11.7 DETAIL OF HORN PLAYERS FROM PAINTING BY TOMKIN OF THE AMPHITHEATRE
AT SALTRAM HOUSE © NATIONAL TRUST
The two horns have long been associated with the house and it is suggested 
that they are the same ones. The household records for Saltram were 
destroyed after the death of the owner John Parker (1734-1788), Earl Morley. 
His wife had died in 1775 and as his son was still very young, his wife’s family, 
the Robinsons, took over the running of Saltram. Consequently apart from some 
legal documents, all the household accounts begin about that date, making 
dating of the horns difficult. The Plymouth Record Office holds the Morley 
Estate papers. One of the few books to survive is a book of household accounts 
dated June 1770-1787 (the original book is kept at Saltram House, but a copy is
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available at the record office MF1-10). From June 1770 Mr Tomkin is paid three . 
separate sums of money. At this time John Parker is an active supporter of the 
arts, being patron to Sir Joshua Reynolds amongst others, so Tomkin was 
probably being paid for more than one painting. There can be little doubt that 
one if not all the payments, perhaps by instalment, were for the painting of The 
Amphitheatre.
Painting by Tomkin 1770
Winkings dies 21 March 1768 
Hofmaster dies 11 March 1764
The horns could both have been bought from dealers after the deaths of the 
makers and were ‘as new’ when Tomkin painted his picture. They could have 
been bought at totally different times, although this may be unlikely as the 
convention was to have horns playing in pairs, or they could have been bought 
when both makers were both alive which puts an end date of 1764 on them. 
However as the horns have survived down to the present day, the author feels 
that the date of 1750 still holds as it probably would not be unreasonable for the 
horns to be about twenty years old when Tomkin executed his work.
As there is no other historical evidence the author has used the mean 
chronological date between 1751 and 1768, of 1760, for the one French horn 
from the final period (EUCHMI 2492, Vol. 2 Figure F.19). Harris in his review of 
French horn makers in England would also agree with this as he feels that the 
latest surviving French horn from this period dates to no later than 1760 (Harris 
1996,29).
Natural horn (M39-1983)
The natural horn in the Horniman collections is unusual in that it is tightly coiled 
into eight coils with the bell and mouthpiece receiver protruding through the 
tubes (see Vol.2 Figure F.21). The mouthpiece receiver is also possibly a 
modification (Horniman Museum registers). In 1985 Michael Wright opined that
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the instrument dated from the mid-eighteenth century. The bell shows evidence 
of being finished on a lathe and has a double screw rim. A chronological date of 
1750 has been used for this instrument.
Natural trumpet (3282)
The natural trumpet is of the type as already described on page (Vol.2 Figure 
F.20). A pair of natural trumpets by Winkings were exhibited at the Royal 
Military Exhibition in 1890 (Day 1891). They were then in the collection of 
Colonel Shaw Hellier (1836-1910). The trumpet does not feature on Sir Samuel 
Helliers list of his instruments (Halfpenny 1965, 5-6; Montagu 1985, 25). It was 
possibly bought by the colonel himself. Only one can be identified today as 
being in the Edinburgh University Collection Historic Musical Instruments (3282; 
Vol.2 Figure F.20)).
iii. The analysis (Vol.2, 411-434)
All the instruments are made of brass.
The six natural horns are of cementation brass. Although there are trace metals 
mainly lead, nickel, iron and silver, the brass is good quality in the proportion 
70:30 copper/zinc. By using granulated copper in the cementation process the 
surface area for absorbing zinc is increased (see Chapter 4, 65). Analyses of 
the jetons Mitchiner et al investigated showed that this process was in use in 
Europe from as early as the sixteenth century and imported metal for 
monumental brasses in England also show that high zinc contents could be 
achieved (Mitchiner et al 1988, 125; Cameron 1974). In England however it was 
not until after Nehemiah Champion took out his patent in 1723 that the process 
became commonplace (see Chapter 4, 65).
All the parts to the Horniman horn (M39-1983) are direct method brass, very 
clean 70:30 copper/zinc with a little lead. The lead would have aided machining
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as Wright described above (see also Chapter 3, 58). The analyses do suggest 
that it dates from the mid-late eighteenth century.
11.3.4. John Christopher Hof master (1700-1764)
i. The maker (for full biography see Appendix C6)
Hofmaster was born Johan Christoph Hoffmeister, but anglicised his name to 
John Christopher Hofmaster, and this is how he inscribed all his instruments.
His anglicised name is used for the purposes of this study. A search of the IGI 
indices for Germany produced a possible connection:
‘18 Mar 1700 baptism Johan Christoph Hoffmeister son of Johan Hinrich 
Hoffmeister and Anna Maria Meyerhoff. Evangelisch; Burgholzhausen, 
Westfalen, Pruessen’
Hofmaster was 64 when he died in 1764, so the baptism date fits in. He also 
named one of his daughters Ann Mary. Hofmaster’s will indicates that he had 
two brothers, but the IGI does not list any further baptisms for Johan Hinrich 
and Anna Maria. However as already discussed the IGI is not complete, 
particularly for European genealogy.
It is not known when Hofmaster arrived in England, but he married llse-Maria 
Wilbrock at St James’ Church in Piccadilly in 1742. He was a member of St 
Mary’s German Lutheran Church of the Savoy in London, and in his will he 
leaves, if both his daughters should die, £100.00 to the ‘Missionarys appointed 
to propagate the protestant religion’. They had two daughters Margaret Sophia 
born in 1743 and Ann Mary in 1745. His wife llse-Maria appears to have died 
sometime before 1751 when her mother Margaretha Wilbrock was buried in the 
same grave. Hofmaster was buried in the same grave in 1764. His will apart 
from minor legacies provided for his two daughters (PRO PROB 11 f.896). It 
has been postulated and published that George Henry Rodenbostel married his 
daughter Katherine (Waterhouse 1993, 179). This is not correct. Hofmaster only
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had two daughters and it is probable that Katherine was a niece, or another 
relative.
He is recorded as a rate payer at 70 Piccadilly from 1751 until his death in 
1764.
ii. The instruments
Six instruments by Hofmaster survive: one natural trumpet made of silver in the 
collections of the Warwick County Museum and therefore not part of this study; 
one natural horn at Saltram House, Plymouth; four orchestral horns, two at the 
EUCHMI and two in the Bate collection.
Natural trumpets and French horns have already been described above. French 
horns will only sound the notes that comprise the harmonic series of its tube 
length (Baines 1961, 298). Crooks had already been used with trumpets to 
increase the harmonics and by 1715 crooks had been applied to horns. With 
this system the fixed mouthpiece was replaced by a socket into which rings of 
tubing of various lengths could be inserted. With an adequate supply of crooks 
a horn could play in any key. Horns of this type are either still called French 
horns or orchestral horns. For the purposes of this study orchestral horn will be 
used.
Individual crooks for each key seem to date from the end of the eighteenth 
century (Baines 1961, 298). According to Montagu Hofmaster was the first to 
introduce detachable crooks to French horn making in London (Montagu 1985, 
241), but Waterhouse is dubious (Waterhouse 1993, 179).
French horn, Saltram House (SH1)
As already described for the Winkings horn at Saltram (Vol.2 Figure F.16), the 
Hofmaster horn was probably bought to form a pair (Vol.2 Figure F.23). It is 
made of one single coil of copper alloy from the bell. The instrument is missing 
a piece of tube between the mouthpiece receiver and the coil. There is no bell
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gusset. Both horns were hung on the wall at Saltram (see Figure 11.8) probably 
by the convenient ‘hook’ formed by the tube and mouthpiece receiver at this 
juncture. Both instruments have suffered damaged at this point. A date of 1750 
has been put on these instruments as discussed above.
H O F M A S T E R
W IN K IN G S
FIGURE 11.8 HOFMASTER AND WINKINGS HORNS HANGING OVER THE DOOR TO THE ‘GARDEN 
ROOM’ AT SALTRAM HOUSE NATIONAL TRUST
The orchestral horns -  EUCHMI collection (3296, 3297)
Orchestral horns are played in a different manner to the French horns and are 
generally smaller in the hoop than the natural horns, relying on the crooks to 
vary the harmonic series (Vol.2 Figures F.24 and F.25).
They were bought by Sir Samuel Hellier as recreation for the tenants on his 
estate at Wombourne near Wolverhampton. Some of his collection of 
instruments, including these horns, were displayed at the Royal Military 
Exhibition in 1890, which was organised by Col. Thomas Shaw-Hellier (Day 
1891). Hellier bequeathed the estate to his friend the Rev. Thomas Shaw, who 
took the name Shaw-Hellier. Col. Shaw-Hellier was his great grandson and 
commandant of the Royal Military School of Music at Kneller Hall. The descent 
has now passed to the Phillips family (Simon, 1985, 240). The instruments then 
dropped out of mind until the 1960s when Eric Halfpenny rediscovered them 
scattered about the attic and barns of the estate. The two horns still belong to
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the family and are on loan to the EUCHMI. They were restored to a high polish 
(possibly by Halfpenny in the 1960’s) and bound with red cloth (Halfpenny 1965,
2). They are accompanied by a series of crooks.
Harris (1996,5) attributed a date of 1753 to the horns based on information in 
Simon (1985). More recently the history of the two horns in the EUCHMI has 
been investigated by Catherine Frew and Arnold Myers (Frew and Myers 2003). 
Frew and Myers examined documentation and correspondence between Sir 
Samuel and John Rogers (his band master) and consider that the horns could 
have been bought within a short time of each other in 1767, not 1753.
Hofmaster was dead by 1767 and Sir Samuel Hellier bought them through an 
agent. They were in his possession when he wrote his ‘Catalogue of Musicall 
Instruments’ (Halfpenny 1965, 5), which was probably compiled between 
January 1768 and February 1770. On 11 January 1767 Sir Samuel wrote to 
Rogers that he had bought a ‘D’ horn, made in Germany. It was not what he 
had hoped to buy but there were no London ones available as there was a large 
order for the king and all the makers were occupied. In March 1767 he posts a 
second horn. On January 21 1769 he writes to Rogers that he has sent crooks 
to go with them (Frew and Myers 2003). A chronological date of 1764 has been 
attributed to these two horns.
The inscriptions on all his surviving instruments have space left for a date. The 
first two digits are inscribed ‘17—', but the rest of the date has been left blank 
(e.g. Vol.2. Figure F.24).
ORCHESTRAL HORNS -  BATE COLLECTION (X606, X607)
The two horns (Vol.2 Figures F.22 and F.26) in the Bate Collection were also 
probably bought as a pair by the Sharp family of Hardwicke Court near 
Gloucester. They are depicted in a painting by Johann Zoffany (1733-1810).
The scene shows the Sharp family playing musical instruments on board a boat
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on the Thames. William Sharp (1729-1810), the head of the family, is shown at 
the top of the picture. Their London ‘cottage’ at Fulham is depicted in the 
background (label with painting at National Portrait Gallery, London; Simon 
1985, 246). The horns are lying on the piano (see Figure 11.9). The horns are 
on loan to the Bate Collection by the executors of Charles Lloyd-Baker of 
Hardwicke Court, a descendant of the Sharp family.
FIGURE 11.9 PAINTING BY ZOFFANY OF THE SHARP FAMILY © NATIONAL PORTRAIT GALLERY
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Both horns are two-coiled and made up of a single tube, apart from X606 which 
has a joint near the crook socket. They are free of any binding cloth. Hofmaster 
would have been dead by the time Zoffany came to paint the Sharp family in 
about 1779 (Simon 1985, 246). Harris, based on a slight variance in bell 
diameter, suggested that the Sharp pair of Hofmasters were later in date than 
the Hellier pair (Harris 1996, 36), which at that time had been dated to 1753. 
Frew and Myer’s work has invalidated this. Once again the instruments could 
have been purchased after his death which is why the final digits of the date are 
left blank. It is only possible to attribute a chronological date of 1764 to these 
two instruments.
iii. The analysis (Vol.2, 435-449)
All the instruments are made of brass. Similar to the Winkings horns, the levels 
of zinc are comparable to good cementation brass by the granulation method 
where good quantities of zinc are in the mix. The range of trace metals indicates 
that they are not direct method brasses. Lead is the highest component with 
varying quantities of less than 0.4% of silver, arsenic, nickel, iron and tin.
7 7.3.5. Ceorge Henry Rodenbostel (b.? -  1789)
i. The maker ( for full biography see Appendix C7)
Very little is known about Rodenbostel until he appears in 1763 in the rate 
books for Piccadilly and later in 1764 as taking over Hofmaster’s workshop at 
No. 70 Piccadilly. It is likely that he worked alongside Hofmaster and took over 
his stock on his death (see below, 186). He married Katerina Dorothey 
Hoffmaster in 1776 at St George’s Hanover Square. It has been recorded that 
he married Hofmaster’s daughter but this is erroneous (see above, 178). He is 
registered as a rate payer in Piccadilly from 1763 to 1789. By 1790 he is dead 
and his widow Catharine Rodenbostel is listed as living at No. 70 Piccadilly. The 
author has searched the parish records for churches around Piccadilly, but has 
not found a record of his burial, nor the baptism of any children. In 1778 he
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registered his mark at Goldsmiths Hall and in 1780 he voted in the Westminster 
election giving his trade as French horn maker.
ii. The instruments
Five instruments by Rodenbostel survive, three of which have been analysed as 
part of this study. The two that have not been examined are a field trumpet in 
the collection of the Royal Military School of Music Museum at Knellar Hall, and 
a slide trumpet in private ownership.
Two orchestral horns are in the collection of Gloucester Folk Museum, and a 
natural trumpet is in the Bate Collection, Oxford.
Natural trumpet (X72)
The trumpet is on loan to the Bate from Queen’s College Oxford (Vol.2 Figure 
F.28). It was in poor condition when loaned to the Bate and was restored by 
Philip Bate in December 1972, with new bows. A chronological mean date of 
1780 is attributed to it.
The orchestral horns (F1536, F1537)
Both the horns (Vol.2 Figures F.27 and F.29) are well documented. They were 
bought by Squire Nathaniel Winchcombe, who later changed his name to 
Clifford, for the Frampton Volunteers. The Clifford family archive is in the care of 
the Gloucestershire County Record Office (GCRO) in Gloucester. There are 
several documents which are relevant to the horns and were made available to 
the author via the Folk Museum in Gloucester.
The latest is an article by G. F. Stewart on the history of the Frampton 
Volunteers (Stewart 1976). The Frampton Volunteers were set up in 1798 by 
the residents of Frampton-on-Severn in Gloucestershire to form a corps to fight 
in defence of their country up to a radius of eight miles from Frampton ‘but no 
more’.
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The formation of a band was considered a necessity, and John Pearce was 
appointed bandmaster. Winchcombe noted in the order book (GCRO X19) that 
he had bought some of the instruments and that they were to remain his 
personal property. They remained in the Clifford family until they were donated 
to the Folk Museum in 1948 by Mrs Clifford of Frampton Court (Folk Museum 
registers).
In 1798 John Pearce wrote a letter to Winchcombe where he urges that ‘the 
instruments should be ordered without delay’. He gave several names of 
dealers in London where the various instruments could be bought (GCRO 
X21/15). It is likely that Winchcombe chose the option of buying them from 
Longman and Broderip in the Haymarket. At that time they were advertising a 
wide range of instruments including French horns (Waterhouse 1993, 240). 
Unfortunately it is highly unlikely that a receipt survives in the Clifford archive 
(personal communication GCRO 9 September 2002). They were bought by 
Winchcombe in 1798 and lent to the band (GCRO Order Book X19).
Eminent musicologist Reginald Morley-Pegge (1890-1972) viewed the 
instruments in 1950 when he was assessing items for inclusion in the Galpin 
Society exhibition British Musical Instruments in 1951, and wrote a letter on the 
22 Jan 1951 giving the curator what biographical information he could find, 
mainly the Piccadilly address of Rodenbostel.
On 18 December 1950 the Curator wrote to a Mrs Miller of Frampton Court 
(who appears to have acted as a secretary for Mrs Clifford) saying that ‘in 
restoring the Frampton instruments some time ago we found several parts 
missing’. He does not give details of which instruments were being restored and 
there is no reply correspondence on file.
Miss Helen Rhoden a musicologist from Belfast wrote on 3 September 1952 to 
the Curator of the Folk Museum with her thoughts on the horns. Her very 
detailed letter suggested that one of the horns was earlier than the other. She
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considered that the body length differed and the length of the corresponding 
crooks and couplers. She felt that they were matched together when ‘the 
demand occurred’.
Loaned to Galpin Society again in 1968 for their 21st Anniversary Exhibition in 
Edinburgh (letter from Graham Melville-Mason to curator 8 October 1968).
Harris viewed the instruments in March 1996 for his dissertation (report to 
curator March 1996). Rhoden did not make it clear which horn she felt was 
earlier. Harris feels that the horns are a left- and right-handed pair, but the left 
handed one (F1536) may be the earlier as the body is constructed in two 
segments and not in a single coil. The bell to the mouthpipe also differs. This 
angle is closer to Hofmaster’s designs. It is evident from the style of the 
inscription that Rodenbostel is copying Hofmaster’s design including putting 
only the first two digits of the year 17— (see Vol.2 Figure 27). Harris feels that a 
date of 1763 would not be inappropriate and this has been used as the 
chronological date for the earlier left-hand horn (F1536) (Harris 1996, 37). The 
later one is dated to 1789 as the latest date this instrument could have been 
made.
iii. The analysis (Vol.2, 450-458)
The Rodenbostel instruments are interesting for their apparent mix of 
cementation brass and direct method brass parts. The earlier instrument 
(F1536; Vol.2,450-453) dated to 1763 could be either. The zinc levels suggest 
the metal is more likely to be direct method brass, but the presence of impurities 
in the trace metals could indicate a good cementation brass where the 
technology has come to refinement. The trumpet dated to 1780 (Vol.2, 453- 
455) is mainly direct method brass, but some parts such as the ball and one of 
the bows is cementation brass, illustrating that old parts of instruments are 
being re-used. The horn attributed to 1789 (Vol.2, 456-458) is all direct method 
brass, with only the mouthpiece receiver made from cementation brass. Only
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two crooks were examined but do show that crook 4 which is supposed to be 
original is not so ‘clean’ a brass as crook no. 5 which is supposed to be a 
modern replacement.
71.3.6. Summary eighteenth century
The most noticeable difference from the seventeenth century is that all the 
instruments are of copper or brass. John Harris’ working career takes him into 
the new century but he is still making instruments from a ternary alloy of 
copper/zinc/tin. The later converted parts of his slide trumpet are of brass.
The eighteenth century saw an immense change in the method of producing 
brass (see Chapter 4). Cementation brass was still in use throughout the 
century, but the innovation of granulating copper to achieve higher levels of 
absorption of zinc (Chapter 4, 65) makes it comparable to the composition of 
direct method brass. The significant difference is in the trace metals. In the 
case of instruments from the early to the third quarter of the century it is 
common to find Ag, As, Fe, Ni, Co, and significant amounts of lead. By the time 
of late Winkings, Hofmaster and Rodenbostel instruments the brass mix is 
much ‘cleaner’ with fewer trace elements and lower levels of lead. This appears 
to signify the gradual overlap of direct method brass techniques with the old 
cementation process.
By understanding this change it is possible that some instruments by unknown 
makers could be placed within a time span by the composition of the metal. For 
example, in the case of the Horniman ‘hat’ horn (14.5.47/254) (Vol.2, 459-461), 
its composition could place it at the end of the eighteenth century.
The trace metals are discussed in more detail in Chapter 12, interpretation of 
results.
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71.4. The nineteenth century: The Pace fam ily: Matthew, Charles, 
Frederick (1), Charles Matthew, Frederick (2)
i. The makers (for full biography see Appendix C8)
The rapid development of new designs in ‘brass’ wind instruments, coupled with 
the rise of civil bureaucracy and records in the nineteenth century means that a 
wealth of information is available about the Pace family (compare the one page 
biography of Rodenbostel, Appendix C7, to the 14 on the Pace family, Appendix 
C8). Waterhouse has ten listings for the Pace family and only three of them 
positively identify the connections between them (Waterhouse 1996, 289-290). 
As a result of the work carried out for this study, all the listings can be 
connected, as they all do belong to the same family tree, and the similarly 
named members can be distinguished one from another (Bacon, 1997). 
However most of the family is outside the end date of 1867 for this study and 
will not be discussed in any detail here. Some biographical details are given in 
Appendix C8.
Hitherto the Pace family consisted of the founding father Matthew, his two sons 
Charles and Frederick, a grandson Charles Matthew and a Pace called George 
Henry also claiming to be a grandson of Matthew, and various instrument 
makers based in Sheffield (Waterhouse 1996, 289-290). A summary of the 
family is given below -  full biographical details with references are in Appendix 
C8.
Matthew Pace
Matthew Pace is first identified as a musical instrument maker in Dublin, Ireland. 
Records for registration of births, marriages and deaths for the Anglican Church 
of Ireland are very difficult to pursue. By 1922 over half the Church of Ireland 
registers were deposited at the Irish Public Record Office in Dublin. During the 
uprising in 1922 they were destroyed by fire (Herber 2000, 562). It is therefore a 
matter of luck whether the relevant records have survived. For the Pace family 
they have not. There is one marriage recorded in 1786 of Agnes Pace to 
William Sleator (a bookseller of Dame Street Dublin). The only connection that
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could be made to the Pace family apart from the city and the date is Agnes’ 
name. At this period it was still traditional for children to be named after 
grandparents or other family members. Charles Pace named one of his 
daughters Agnes, which might suggest a link, but it is very tenuous. 
Consequently there is no information to date on Matthew’s wife, or whether 
Matthew Pace was from Dublin originally.
His trading can be traced through Wilson’s Dublin Directory. The name of 
Matthew Pace has been linked with the firm of Esau Clarke French horn maker 
of 23 Henry Street Dublin. The author has traced Esau Clarke in the trade 
directories between 1774 and 1788. According to Waterhouse (1996, p. 289) 
Matthew Pace was working with Esau Clarke in 1781. The author has not yet 
re-discovered this link and only found that there was a gap between Esau 
Clarke at 23 Henry Street in 1788 to Matthew Pace taking over the premises as 
a wind-instrument maker in 1798. Teahan in his List of Irish Instrument Makers 
does not make the connection either (Teahan 1963, 28, 31). Matthew Pace 
stayed at those premises until 1813. From 1813 to 1815 he moved to No. 26 
Henry Street. After that time he and his two sons Charles and Frederick re­
located to London.
While Matthew was in Dublin one of the great innovations of wind-instrument 
technology occurred. On 5 May 1810, Joseph Haliday, a bandmaster with the 
Cavan Militia in Dublin (PRO W 013/2659), took out a patent for a five-keyed 
bugle. It was later called the Royal Kent Bugle supposedly in honour of the 
Duke of Kent commander-in-chief of the British Army. There is some debate as 
to Matthew Pace’s involvement with Haliday. Other makers making his bugle 
without permission supposedly outraged Haliday (Dudgeon 1983), but 
according to Morley-Pegge, Matthew Pace bought the patent soon after from 
Joseph Haliday for £50 (Morley-Pegge 1956, 94). Morley-Pegge gives no 
reference for this piece of information and to date the author has had no 
success in tracking it down. Haliday himself makes no mention of it in his 
‘Strictures’ (Dudgeon 1983, 65). Whatever the truth of the matter they are not of
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immediate concern for the purposes of this study. However matters apparently 
were at such a stand that Dudgeon suggests that it is significant that around this 
time Matthew Pace moved with his two sons Charles and Frederick to London 
(Dudgeon 1983, 63).
The brothers can first be identified in the poor rate books for 2 Lower Crown 
Street, Westminster in 1819, and in Robson’s Trade Directory for 1820 as 
'Pace, C &F, Musical Instrument Makers, 2 Lower Crown Street Westminster
In the Westminster census of 1821, Matthew is named as the householder to a 
property in Crown Street. Matthew Pace died in 1823 and was buried in St 
Margaret’s churchyard Westminster. His age in the burial register is given as 
53.
This gives rise to another anomaly. Matthew Pace was supposed to have been 
in partnership with Esau Clarke in Dublin in 1781. This would make him eleven 
years old. There are two considerations, either his true age at death was not 
known and perhaps he was older than recorded, or there is yet another 
Matthew Pace, who is his father, and began the firm. Unfortunately the loss of 
the Anglican registers in Dublin could mean that this mystery may never be 
solved.
Charles and Frederick Pace
In 1819 Charles and Frederick Pace are named as the ratepayers for the 
property in Lower Crown Street. Their joint names also first appear in the trade 
directories in 1820, initially being listed under French Horn, Bugle & Trumpet 
Makers and then by 1826/27 advertising themselves as Martial Music 
Instruments makers and original makers of the Royal Kent Bugle. In 1823 
Charles Pace married Eliza Townly Townly and in 1825 Frederick married 
Ursula Griffiths. This, more than a rift between the two brothers, is probably the 
cause of the separation of the business in 1828; they were both starting large
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families. Initially Charles remained in Crown Street while Frederick moved into 
the adjoining street, King Street (see Figure 11.10).
T  KING STREET 
#  ■ NO.2 LOWER CROWN STREET
CANNON ROW
FIGURE 11.10 MAP OF WESTMINSTER SHOWING KING STREET AND LOWER CROWN STREET 
AFTER HORWOOD 1813 © GUILDHALL LIBRARY, CORPORATION OF LONDON
CHARLES AND CHARLES MATTHEW PACE
Charles Pace was born in 1803 in Dublin, Ireland and died in 1867, at the age 
of 64, in Camberwell, London. He was only 17, and his brother 14 when they 
set up business at No. 2 Lower Crown St. As shown by the Westminster census 
of 1821, his father Matthew Pace was considered head of the household and is 
apparently there in the background until he died in 1823.
After Frederick moved out Charles remained at 2 Lower Crown Street until 1833 
when he also moved around the corner to No. 49 King Street where he stayed 
until 1854.
He advertised consistently in the trade directories as a military musical 
instrument maker, occasionally selling music. From 1827/28 to 1849 Charles 
Pace advertised in his name only. He had nine children by Eliza Townly of
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whom only two of his sons, his eldest Charles Matthew born in 1826 and 
Edward born in 1829, survived to adulthood. Edward however died in 
November 1851.
Charles Pace and Sons exhibited at the Great Exhibition of 1851 as ‘ inventors 
and manufacturers of Cornopeans, trumpets and valve horns’ (MacTaggart and 
MacTaggart 1986, 69). Charles Pace was well known for the quality of his 
instruments. He also made various improvements which are summed up on an 
invoice dated 21 March 1840 which has survived in the collection of papers for 
the Cyfarthfa Brass Band, Merthyr Tydfil (Cyfarthfa Papers; see Figure 7.5, 95).
‘ Original maker of the Royal Kent Bugle, Inventor of the Improved stops to the 
Valve French horns and the Cornopean with the valves, crooks etc to change 
into 6 different keys, Ophicleide the powerful Bass Horn with nine keys, Bass 
tenor, Counter & Treble Trombones Pocket keyed Bugles, hunting Horns & 
general Manufacturer of every description of Martial Musical Instruments.’
It is evident that he acted as a London agent for clients. The invoice also 
informs us that clarinets, flutes and bassoons, drums etc were selected from the 
most eminent makers, and that he had engaged a professor of great celebrity to 
‘prove’ the instruments, as well as from his own experience of twenty years.
A personal note also crept into his business dealing. In a hand-written note on 
the lower part of the invoice (not shown in Figure 7.5) he apologised to Robert 
Crawshay, the leader of the Cyfarthfa Band for the delay in supplying three 
eight keyed bugles with tuning slides (@ three guineas each). This he 
explained was due to illness. Not his, but his wife Eliza Townly. In 1840 
Charles Pace was the occupier of a house and garden in the hamlet of 
Hatcham, Deptford. Today the row of terraced houses are fronted with shops 
and stand in the middle of a busy one-way system. But in 1840 this was clean 
countryside compared to the filth and pollution of central London. Charles Pace 
had brought his wife Eliza Townly to Hatcham. She was ill throughout 1840- 
1841 and died in September 1841 of a diseased liver and dropsy. Charles left
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Hatcham almost immediately and returned to live in King Street, which had 
continued to function as the business premises.
Since 1736 there had been a parliamentary committee whose task it was not 
only to improve the bridge crossing in London, but also to improve the warren of 
medieval streets between the Palace of Westminster and St James Park. King 
Street had been the main link between the royal palace of Whitehall and 
parliament at Westminster. In the seventeenth century at least twelve taverns 
in King Street were visited by Pepys. By the mid-eighteenth century there were 
at least thirty taverns. King Street was notoriously congested, and also ‘poorly 
maintained, rutted and bumpy’ (Watson 2002, 49). From the early nineteenth 
century onwards as eighteenth-century leases fell vacant it was more difficult to 
get them renewed. From 1803 a programme of building was in force and 
private residents in Whitehall found themselves increasingly surrounded by 
government offices. The construction of Vauxhall Bridge in 1816, the 
destruction of the House of Parliament by fire in 1834 and the rebuilding of 
Westminster Bridge in 1862 sealed the fate of King Street. In 1859 Sir George 
Scharf, artist, drew various views of King Street in advance of its destruction. 
Demolition appears to have proceeded piecemeal, and he later annotated his 
drawings as the properties were demolished (Scharf 1994). Described as the 
last remaining medieval street in London, King Street was finally completely 
demolished in 1898. By the census of 1871, many properties including 49 King 
Street are listed as being uninhabited. This renewal of the Whitehall area no 
doubt resulted in Charles Pace’s first move from Crown Street to King Street 
and then was probably one of the factors in his departure from King Street in 
1854. It is probable that he joined his surviving son Charles Matthew Pace at 
his home in Pimlico. By at least 1847 Charles Matthew was an active partner in 
the business, designing improvements, which were then manufactured by his 
father (Vol. 2, 592). The Designs Act of 1843 allowed for designs to be 
protected for three years without going through the patent process. ‘BT45/5/934 
January 26 1847. Design of configuration for a cornopean. Charles Matthew 
Pace 49 King Street, Westminster”. Webb comments that there followed many
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variations on this ‘elegant and successful’ design. The claim is for the notched 
tuning slide which enabled the instrument to be played in g, a flat, a or b flat 
(Webb 1985, 46, 50; see Figure 11.11).
FIGURE 11.11 CHARLES MATTHEW PACE’S DESIGN OF CONFIGURATION FOR A CORNOPEAN 
(PRO BT45/5/934 JAN 26 1847) AFTER WEBB 1985
What happened next to Charles Pace is unclear either failing health was 
bringing to an end a lifetime of craftsmanship and quality or the Pace family 
could not compete with the increasing number of musical instrument makers 
then flourishing in London who were introducing mass production methods for 
brass wind instruments. Henry Distin (a former military bandsman) was one of 
the first to set up a brass instrument factory in 1846. This was bought up in 
1868 by Boosey & Co (Baines 1972). By 1879 the workshop books for Boosey 
& Co (currently uncatalogued at Boosey & Hawkes) show that they are fulfilling 
a contract to the India Office for amongst other things 350 bugles and 90 
trumpets. By 1895 Besson were employing 131 men in their London factory and 
producing 100 brass instruments a week (Scott 1970, 103). Craftsman 
workshops like Charles Pace and his son’s would be unable to compete in this 
mass production market.
Whatever the reason, it is evident that Charles Pace and his son no longer had 
a permanent workshop. From 1854 Charles Pace was no longer living at 49 
King Street and is not named in rate books or trade directories. Charles Pace 
died in Camberwell on 14 March 1867 of asthma. He left no will. He was 
survived by his son Charles Matthew and four daughters, Mary Anne, Agnes, 
Margaretta (Field 1985), and Rebecca.
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From 1853 to 1858, Charles Matthew was variously at 22 Queen’s Row, Pimlico 
(1853), 19 Queen’s Row (1854), 85 Charlwood Street, Pimilico (1855-1856), 12 
Millbank St and 8 St John Street, Westminster (1858). In the 1861 census 
Charles Matthew and his family were living in Clapham, London. He still gave 
his occupation as musical instrument maker, but there is no other evidence to 
date as to where he was carrying out this trade. By the census of 1871 his 
occupation is given as pianoforte tuner. He died on 31 July 1872 in Chislehurst 
Kent. On the death certificate he is described as a professor of music. He left 
no will and was survived by his wife, three sons and two daughters. None of 
them go into musical instrument making.
FREDERICK PACE (1) AND (2)
Hitherto published accounts suggest that there was only one Frederick Pace 
between 1827 and 1865 (Waterhouse 1993, 289). However the author has 
identified at least two Fredericks within the time span of the study.
Frederick (1) Pace, brother of Charles Pace, moved from Crown Street into No. 
15 King Street, but unlike his brother Charles who is very settled and only 
moved workshop twice during his career, Frederick (1) is less so. He seems to 
have several premises at one time. In the trade directory for 1833, he is not only 
cited as being at 15 King Street but also 21 Lower Cannon Street. Between 
1828 and 1831 Frederick (1) is not listed in London either in trade books or in 
the rate books. However a Frederick Pace was a musical instrument maker at 
26 Bath Street in Bristol at precisely this time (Waterhouse 1996, 289). The 
author believes that he is the same as Frederick (1). Frederick (1) returned to 
London in 1831 and after several moves settled at No. 15 King Street. He died 
there at the age of 30, and was buried with his father in St Margaret’s 
Churchyard, Westminster on 4 October 1835. His son Frederick (2) was only 
seven at this time.
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The workshop however continued in his name at 15 King Street. Frederick’s 
wife Ursula now carried on the company. Her name appears as the ratepayer 
and in 1837 and1838 she advertised herself in the trade books as the musical 
instrument maker at 15 King Street. In 1839 when Ursula re-marries to William 
Alexander the entry reverts to being cited as Frederick Pace musical instrument 
maker. At that time when a woman married her property reverted to her 
husband. Alexander’s name now appears as the ratepayer, but in the trade 
directories the workshop still continues as Frederick Pace. In 1849 the 
workshop moved to No. 6 King Street. The census of March 1851 shows Ursula 
to be a widow again, and her son Frederick (2) now aged 22, and his wife 
Sophia Ann were living with her. Their son Frederick William was born the 
following July. Frederick the seconds’ occupation is given as musical instrument 
maker. They last paid the rates at 6 King Street in 1851.
There was then an interim period often years before Frederick (2) appears as a 
musical instrument maker in London, in 1861, at 6 Hanway Place, London. It 
could be that from 1851 he had been working with his Uncle Charles and cousin 
Charles Matthew, if not before that time. There are some similarities in style of 
key plate to the bugles they were both making which suggests a collaboration 
on the Pace ‘arrow’ (see Vol.2 Figure F.39; Vol.2 Figure F.50). It would not be 
inconceivable that on the death of Frederick (1) Charles would have given some 
support to his brother’s family. Frederick (2) may have been with them while 
their trade disintegrated around them, and with the collapse of their workshop in 
1854 set up on his own at 6 Hanway Place. In that period two of his children 
were born in Manchester and Sheffield. Considering the later connection with 
Sheffield, it could be that he had connections in those areas. Frederick (2) does 
appear to have been a wanderer. He was three years at Hanway Place and 
then for one year he had a workshop at 4 Great Russell Street in Bloomsbury, 
London. The next record of him is in 1868 as a bankrupt in Portsmouth where 
he is called a journeyman musical instrument maker. In the census of 1881 he 
is noted as lodging in a house in Werburgh, Derby, with four of his children all
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listed as musicians. His wife Sophia Ann, however, is recorded as running a 
boarding house in Birmingham.
The more recent history of the Pace family is beyond the dates set by this 
study. It is the descendants of Frederick (2) who continue the tradition of 
musical instrument making. In summary: by the end of the nineteenth century 
the Pace family were working in Sheffield. Frederick (2), or maybe his son 
Frederick William, and Charles Matthew from about 1883, and his other son 
George Henry from 1887-ca 1913. George Henry is probably the same as set 
up shop in Hollen Street and then in Wardour Street between 1893-1895, 
perhaps attempting to re-establish the family firm in London. He described 
himself as the grandson of Matthew Pace, but this can only be viewed as 
creative advertising, as Matthew would have been his great-grandfather. It is 
most probably Frederick William who was trading in 1895. Further details are 
given in the biography Appendix C8.
ii. The instruments
The interest in preserving old instruments (Hipkins 1888) coupled with the rise 
of church and local bands means that correspondingly more instruments have 
survived from the nineteenth century. Eighty-three instruments have been 
identified to date for the Pace family as a whole, and there are probably many 
more (for current list and locations see Appendix D). It has been possible to 
analyse forty of the sixty-eight instruments attributed to Charles Pace. This is a 
huge increase over the total number of inscribed instruments for the 
seventeenth and eighteenth centuries where twenty-five were analysed out of a 
possible thirty (not including silver instruments).
As noted in the Introduction, the nineteenth century saw the rapid development 
of different types of musical instruments. The limited ‘brass’ of the previous two 
centuries in which there were basically two types of trumpet and two types of 
horn, is in sharp contrast to the great diversity in the nineteenth century. For 
example:
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Horns: Orchestral horn; bass horn or ophicleide; clavicor.
Bugles; 5, 6, 7 or 8-keyed bugle; 2 or 3-valved Cornopean.
Trumpets: trumpet; slide trumpet; 2 or 3-valved trumpet; trombone, tenor or 
soprano.
The Pace family could make them all (see Appendix D for all types and Figure 
7.5 Charles Pace’s invoice heading).
The historical introduction of these instruments can also assist with putting them 
into a tighter chronological order than the limitations of the addresses of the 
Pace family, 
ca
1800 -  development of bass horn out of serpent (Morley-Pegge 1982, 304)
1811 - Introduction of 5-keyed bugle (New Grove 2001, 548)
(1812 -  Bugle officially adopted throughout the British army)
1814 -  Introduction of 6-keyed bugle (Scott 1970, 29)
1814 -  introduction of Stolzel’s valves to horns and trumpets (New Grove 
2001, 11, 721)
(1815 -  Keyed bugle common in most British bands. Firm of Pace represent a 
high standard of craftsmanship, many beautiful instruments have 
survived in collections (New Grove 2001, 6, 549))
1817 - Ophicleide- In England heyday for ophicleide ca 1830-1890 (Morley- 
Pegge 1982, 307)
1819 -  3rd Stolzel valve added (New Grove 2001,11,721)
1821 -  patent for 9-keyed ophicleide taken out by Halary in France. Further
patents for extra keys soon followed. 11-keyed ophicleide most common 
(New Grove 2001, 18, 498)
1823 -  Bugles with up to 9 keys available (Dudgeon 1997, 136)
1828 -  8-keyed bugles common (Scott 1970, 32)
1833 -  Introduction of cornopean (later called comets) into England. An early 
manufacturer was Charles Pace. Henry Distin was a member of
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a private band who played for George IV (1820-1830). From 1833 they 
played on instruments made by Charles Pace (Scott 1970, 78). A 2- 
valve cornopean introduced into the Royal Artillery Band in 1835 was by 
Charles Pace (Scott, 1970, 49; New Grove 2001, 6, 481)
1834 -  McFarlane adds the clapper key to the cornopean (New Grove 2001, 6, 
481)
1837 - Clavicor invented by Danays in Paris. Only made in England by Pace 
(New Grove 2001, 6, 18)
Instruments by Charles and Frederick Pace (Vol.2, 462-464)
Only one instrument has been identified from this period. A 6-keyed bugle in the 
Horniman collection (1970.274). Inscribed C&F Pace / 2 Crown St / 
Westminster / Makers (Vol. 2 Figure F.31)
Instruments by Charles Pace and Charles Pace & Son/s (Vol.2, 492-611)
It is possible to divide Charles Pace’s working life by his addresses and the 
inclusion of his sons in the business. The attention to detail by Charles Pace is 
reflected in the inscriptions on his instruments and is of great assistance today 
in placing his instruments in some chronological order:
Charles Pace or C. Pace. London -  1828 -1849 this simple inscription without 
an address can only be placed generally within Charles’ working life on his own 
at 2 Lower Crown Street and 49 King Street.
Charles (or Chas) Pace -  1828-1833 -  2 Lower Crown Street 
Charles (or Chas) Pace -  1833-1849 -  49 King Street 
Charles (or Chas) Pace & Sons -  1849-1852 -  49 King Street 
Charles (or Chas) Pace & Son -  1852-1854 -  49 King Street
Within those divisions, some instruments can be more precisely dated either by 
historical evidence or by the date of introduction of the type of instrument (see 
above).
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47 instruments can be attributed to Charles Pace, London (29 analysed)
8 to Charles Pace at 2 Lower Crown Street (4 analysed)
7 to Charles Pace & Sons, 49 King Street (3 analysed)
6 to Charles Pace and Son, 49 King Street (4 analysed)
A total of forty instruments have been analysed out of a possible sixty-eight. 
The forty consist of:
13 bugles 
13 cornopeans 
4 slide trumpets
9 (2- and 3-) valve trumpets 
1 ophicleide
Instruments made by the 'firm’ of Frederick Pace (Vol.2, 465-491)
At the outset of the study it had been hoped to be able to identify instruments 
that were particularly made by Frederick (1) before his death in 1835.
26 Bath Row Bristol -  1828-1831 -6-keyed bugle (15.10.48/209) (analysed) 
21 Crown Street -  1832, 1833 - 6-keyed bugle (BH543)(analysed)
15 King Street - 1831-1849 - nine instruments (7 analysed) (1973.898;
A. 1942.68k; 100439; X.1816; 122CB; JW1; JW4)
The 6-keyed bugle made in Bristol can be attributed to Frederick Pace (Vol.2 
Figure F.32).
In 1832 and 1833 Robson’s Directory as well as giving the 15 King Street 
address for Frederick Pace also gives an address in Crown Street and 21 
Lower Cannon Street. None of these match up with the address inscribed on 
the Crown Street 6-keyed bugle (Vol.2 Figure F.33). In Pigot’s directory for 
1832-1834 Frederick’s address is given as 1 Lower Crown Street, but at the 
beginning of the Directory in a paragraph with corrections the address is 
changed to 5 King Street. However this could still be an error as other trade
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directories and the rate books clearly indicate he was living at No. 15 (see 
Biography C.8. for details). The author feels whatever the circumstance it still 
places an early date to the instrument and that this bugle could be attributed to 
Frederick Pace (1) with a chronological date of 1833.
There are nine instruments with the 15 King Street address:
1 - bass Horn (not analysed)
2 - 7-keyed bugles (X.1816; 1 analysed; Vol. 2 Figure F.34)
2 - 3-valve cornopeans (JW4; A.1942.68K; analysed; Figure F.35 and F.38)
1 - 2-valve trumpet (1973.898; analysed; Vol.2 Figure F.36)
1 - slide trumpet (100439; analysed; Vol.2 Figure F.37)
1 - 8-keyed bugle (JW1; analysed; Vol. 2 Figure F.39)
1 - clavicor (122CB; analysed; Vol.2 Figure F.40)
The clavicor (122CB) cannot be by Frederick (1) as it was not invented until 
1837.
The two cornopeans (JW4 and A.1942.68K) with the ‘teardrop’ tuning slide are 
more likely to be post 1835 as the bulk of the cornopeans by Charles Pace fall 
around 1840.
The bugles are both of copper with cementation brass key plates. One has the 
Pace ‘arrow* decoration which would suggest it was made after 1835 
(15.10.48/209, Vol. 2 Figure F.32 and BH543 Vol.2 Figure F.33).
The two trumpets could both fall within the remit of Frederick (1) (1973.898, Vol.
2 Figure F.36 and 100439, Vol. 2 Figure F.37).
At the outset of this study the author wanted to investigate the possibility of 
identifying Frederick (1) instruments from the rest produced under the firm of his 
name. By the first quarter of the nineteenth century most developments in 
‘brass’ had already taken place. All the surviving instruments, apart from the
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clavicor, could have been made by Frederick (1) or later by the Frederick Pace 
‘firm’. And this is how the situation has to be viewed. Instruments may be 
inscribed with a maker’s name, but the chances are that he did not actually 
make it himself, but his apprentice did, or a skilled worker. For example Charles 
Pace had his two sons and three men working for him in 1851 (see Appendix 
C81851 census, 332); William Bull had his apprentices and his son-in-law 
working for him (see Appendix C3, 306). Hofmaster possibly brought in horns 
from Vienna (Chapter 12, 213). The fact that neither Frederick (1) nor, in the 
early years after his death, his son Frederick (2) were actively involved, cannot 
detract from the fact that his widow Ursula kept the ‘firm’ going in his name 
using skilled workers very much as he would have done. Consequently the 
instruments and their chronological dates can only be considered in that light.
To date the author has not found any inscribed instruments surviving for 
Frederick (2) at any of his other addresses.
iii. The analysis -  summary
The instruments fall into two groups, those made of copper and those of brass: 
Copper
The bugles are all typically made of copper (New Grove 2001,13, 548).
Rose (1895) reports in his book Talks with Bandsmen, that in 1854 an 
experiment was carried out between a bugle made of copper and one made of 
brass. Both were made in the same style by the same maker. The two bugles 
were taken up onto Blackheath in London where they were blown 
simultaneously. The sound of the copper bugle was said to carry twice the 
distance of the brass bugle (Rose 1895, 102-103). As the major means of 
communication in battle for the British army, how far the sound could travel was 
important (see Appendix B2, 294). Bugles continued to be made in copper 
throughout the period of this study.
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Brass is used for garlands and key plates, as is the white metal nickel brass.
Both the brass and the nickel brass are of interest.
Sumam Inst No. | Inst Name Chrond Section XRF No. Cu Zn As Co Fe Ni Pb Sb Sn
Pace 1970.274 BUGLE, 6- 1823 Key plate, 6 HM119C 70.78 27.09 0.00 0 03 0.16 0.05 1.89 0.00 tr
Pace 15.10.48/209 BUGLE, 6- 1829 jKey plate, 4 HM116C 79.30 16.89 0.00 0.00 0.43 0.05 2.53 0.00 0.80
Pace
Pace
BH540 BUGLE, 6- 1831 Key plate, 5 HM143d 64.91 35.00 0.00 tr 0.06 0.00 0.00 0.00 0.00
0.54BH540 BUGLE, 6- 1831 iKey plate, 6 HM143C
HM132d
72.54
78.78
25.26 tr tr 0.53 1.27 0.00
Pace 012LAS BUGLE, 7- 1831 iKey plate, 6 20.05 0.10 0.00 0.58 0.00 0.57 0.00 0.39
Pace JW2 BUGLE, 7- 1831 IKey plate 7 HM152C 76.39 20.24 0.30 0.03 0.49 0.11 2.00 0.00 0.47
Pace BH543 BUGLE, 6- 1833 Key plate, 6 HM144C 73.18 24.80 0.25 0.00 0.28 0.00 0.93 tr 0.55
Pace X.1816 BUGLE, 7- 1834 Key plate, 6 HM194e 73.24 25.46 0.00 tr 0.41 0.00 tr 0.00 0.88
Pace
Pace
X.1816
JW1
BUGLE, 7- 1834 Key plate, 5 HM194h 72.02 25.51 0.20 tr 0.42 0.00 0.79 0.00 0.92
BUGLE, 8- 1839 Key plate, 8 HM150C 74.95 21.45 0.00 0.00 0.45 0.00 1.57 0.00 1.57
Pace JW4 CORNOPE 1839 Clapper key p HM147h 56.52 26.88 0.51 0.23 0.83 14.49 0.00 0.00 0.35
Pace 2.8512 BUGLE, 6- 1840 Keyplate, 6 HM193C 75.08 22.00 tr 000 0.62 0.00 0.97 tr 0.97
Pace 100455 BUGLE, 8- 1840 Key plate, 4 HM219d 71.00 26.73 040 tr 0.33 0.00 1.20 000 0.50
Pace
Pace
100455 BUGLE, 8- 1840 Key plate, 8 HM219C 78.32 19.13 0.20 0.00 0.24 1.20 0.00 0.44
100568 CORNOPE 1840 Clapper key p HM221e 47.98 30.66 0.44
0.36
0.21
tr
0.84
0.42
18.85
0.00
0.20
0.50
0.20
0.00
1.02
0.96Pace 28512 BUGLE, 6- 1840 Keyplate, 3 HM193d 73.61 24.64
Pace KH146 BUGLE, 8- 1841 Key plate, 8 HM158C 77.19 20.74 030 tr 0.29 0.00 0.80 0.00 0.62
Pace BH541 BUGLE, 8- 1841 Key plate, 8 HM142C 70.83 25.60 tr tr 0.76 1.71 0.00 0.83
Pace 15.10.48/206 BUGLE, 7- 1841
1841
Key plate, 5 HM117C 55.12 29.59 0.48 0.26 0.97 12.50 0.00 0.00 0.70
Pace 15.10.48/206 BUGLE, 7- Key plate, 3 HM117f 52.67 31.14 0.43
0.00
0.24
tr
0.80
0.28
12.12 1.40 0.00 0.80
Pace BH541 BUGLE, 8- 1841 Key plate, 4 HM142d 69.00 29.28 0.00 1.42 0.00 tr
Pace 171 LAS BUGLE, 8- 1841 Keyplate, 6 HM131e 79.39 17.33 0.00 tr 0.36 0.00 228 0.00 0.44
Pace JWrml CORNOPE 1841 Clapper key p HM146c 76.54 20.18 tr 000 0.32 0.05 1.95 000 0.56
Pace JW5 CORNOPE 1841 Key plate HM145f 65.81 34.19 0.00 tr 10.07 0.00 0.00 0.00 0.00
Pace JW164 BUGLE, 6- 1841 Key plate, 6 HM151c 73.64 24.75 0.10 0.00 0.40 0.00
1282
020
0.30
0.00
0.00
1.00
0.41Pace JWnn2 CORNOPE 1841 Clapper key p HM148g 55.86 28.97 0.88 0.28 0.77
Pace 3024 BUGLE, 8- 1842 Key plate, 7 F118609 76.10 20.79 0.29 0.00 0.28 0.00 1.96 0.00 0.45
Pace 2485 CORNOPE 1845 Key plate HM120f 54 56 30.52 tr 0.26:1.16 10.02 1.56 0.00 1 58
FIGURE 11.12 BRASS FIGURES FOR KEY PLATES TO PACE INSTRUMENTS
The brass key plates to most of the bugles are made of cementation brass (see 
Figure 11.12) even on instruments that can be dated to quite late in the 
century. This suggests the re-use of key plates from instruments being re­
cycled. The copper body to an instrument is not worth salvaging, but the key 
plates which involve a fair amount of labour in the cutting or casting would be 
salvaged. The key plates with their distinctive ‘arrow’ decoration appear while 
Charles Pace is at the Lower Crown Street address, and the bugle by Frederick 
Pace, in 15 King Street, also shows this feature (Vol. 2 Figure F.39). The 
bugles by Pace which do not show this feature could be said to be earlier than 
the others. This is with the exception of the Frederick Pace bugle from 
Northampton Museum (X. 1816) which has clearly been re-keyed with the 
regimental insignia on each key plate and arm (Vol. 2 Figure F.34).
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The white metal elements herald the introduction of nickel/brass into the choice 
of alloys available to the maker. As discussed in Chapter 6 the nickel brasses 
can be placed in some chronological order. However the re-cycled nature of 
other parts of instruments has to be borne in mind when considering their 
usefulness as a means of dating instruments. This will be discussed more fully 
in Chapter 12.
Brass
The main bodies of the instruments are all of direct method brass.
Bearing in mind the limitations of the analyses as a semi-quantitative measure 
(Chapter 8), these appear to fall into two compositional groups. For example 
the mean of the results from the bells of all the Charles Pace instruments 
(excluding the copper instruments) gives one alloy of approximately 66:34 
copper/ zinc and another of 70:30 copper/zinc (see Figure 11.13). These are 
fairly ‘clean’ alloys with high zinc content and very little trace metal, some iron 
and lead. This suggests that they are made by the direct method of making 
brass whereas items such as the key plates can be identified as cementation 
brass by the high copper, low zinc alloy content with trace metals of tin, lead, 
nickel and iron.
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Forename! Inst. Name Chrom Cu Zn
Pace Charles TRUMPET, 2-STOLZEL VALVES 1841 63.60 I34.96
Pace Charles TRUMPET, SLIDE, CLOCK SPRING 1841 63.62 :36.00
Pace Charles TRUMPET, SLIDE 1839 63.97 t36.02
Pace Charles TRUMPET, 2-VALVE 1840 64.32 t34.83
Pace Charles CORNOPEAN, 3-ST0LZEL VALVES 1841 64.35 t35.18
Pace Charles CORNOPEAN, 3-VALVE 1841 64.45 t35.43
Pace Charles TRUMPET, 2-VALVE 1839 65.25 t34.59
Pace Charles TRUMPET, SLIDE, CLOCK SPRING 1840 65.29 f34.15
Pace Charles CORNOPEAN, 3-VALVE 1841 65.83 t33.71
Pace Charles CORNOPEAN, 3-VALVE 1841 66.07 :32.82
Pace Charles CORNOPEAN, 3-VALVE 1840 66.94 t32.46
Pace Charles TRUMPET, 3-STOLZEL VALVES 1836 67.28 t32.05
Pace Charles CORNOPEAN, 3- STOLZEL VALVES 1841 68.53 :30.81
Pace Charles TRUMPET, 2 STOLZEL VALVES 1841 70.40 t28.63
Pace Charles TRUMPET, 2-STOLZEL VALVES 1841 70.53 t29.05
Pace Charles TRUMPET, 3-STOLZEL VALVES 1841 71.80 t27.52
Pace Charles TRUMPET, 2 - STOLZEL VALVE 1841 73.00 t26.99
Pace Charles TRUMPET, SLIDE, CLOCK SPRING 1829 98.60 <3.00
Pace Charles BUGLE, 6-KEYED 1831 99.18 K3.00
Pace Charles TRUMPET, 2-STOLZEL VALVES 1841 99.32 <3.18
Pace Charles CORNOPEAN, 3-STOLZEL VALVES 1841 99.36 <3.00
Pace Charles BUGLE, 8-KEYED 1842 99.39 <3.00
Pace Charles BUGLE, 8-KEYED 1841 99.55 <3.00
Pace Charles BUGLE, 6-KEYED 1841 99.66 K3.00
Pace Charles BUGLE, 7-KEYED 1831 99.70 K3.00
Pace Charles BUGLE. 7-KEYED 1831 99.72 K3.00
Pace Charles BUGLE, 8-KEYED 1841 99.75 K3.00
Pace Charles BUGLE, 7-KEYED 1841 99.83 K3.00
Pace Charles BUGLE, 8-KEYED 1841 99.87 I3.00
Pace Charles BUGLE, 8-KEYED 1840 99.88 (3.00
Pace Charles BUGLE, 6-KEYED 1840 99.99 |t
FIGURE 11.13 COMPARISON CHARLES PACE BELLS
The nickel component of some of the instruments is interesting for dating 
based on the work carried out by Mitchiner et al (1987 and 1988) where nickel 
is an indicator of the ore source used. This is discussed in Chapter 12.
11.4.1. Summary
As can be seen from Figure 11.13, although the cornopeans appear to be 
made out of mainly the 66:34 composition the trumpets could be made of 
either. The ‘much loved and much repaired’ ophicleide belonging to Frank 
Tomes (105LAS; Vol. 2 Figure F.75) shows a mixture of alloys, direct method, 
cementation, and modern brass (see Figure 11.14). The key plates show up as 
a ternary alloy of copper/zinc/tin with a lot of lead. Rather than a deliberate mix
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as has been seen with the seventeenth century instruments, this more likely 
signifies a batch of recycled metal of leaded bronze and brass, the trace metals
being a mix of arsenic and nickel.
Surname linst Nanbnet No.ChroH Section Cu Zn Sn Pb Ni Fe
bharles Pace OPHICL 105LAS 1850 ISolder, re 0.00 0.00 36.38 63.61 0.00 0.00
Charles Pace OPHICL 105LAS 1850 Patch, Tub 62.71 37.21 0.00 0.05 0.00 tr
Charles Pace OPHiCL 105LAS 1850 patch, on 63.26 36.56 0.00 0.00 0.00 0.15
Charles Pace OPHICL 105LAS 1850 [Tube, tob 63.91 35.98 0.00 0.10 0.00 0.06
Charles Pace OPHICL 105LAS 1850 Garland 64.63 35.36 0.00 0.00 0.00 tr
Charles Pace OPHICL 105LAS 1850 Bell 64.72 35.16 0.00 0.00 0.09 0.07
Charles Pace OPHICL 105LAS 1850 Patch, to b 68.86 30.91 0.00 0.20 0.00 0.00
Charles Pace OPHICL 105LAS 1850 Tube, 1 70.24 29.42 0.00 0.33 0.00 tr
Charles Pace OPHICL 105LAS 1850 Keyplate 71.69 25.49 1.02 1.22 tr 0.40
Charles Pace OPHICL 105LAS 1850 Keyplate, 72.10 17.44 5.28 3.78 0.09 1.07
Charles Pace OPHICL 105LAS 1850 Keyplate, 72.29 17.56 5.77 2.92 tr 1.06
Charles Pace OPHICL 105LAS 1850 Key 9, arm 73.31 15.03 5.29 5.40 tr 0.92
Charles Pace OPHICL 105LAS 1850 Keyplate, 74.03 22.19 1.01 1.77 0.11 0.61
Charles Pace OPHICL 105LAS 1850 |Key plate, 74.63 22.86 0.78 1.24 0.00 0.46
FIGURE 11.14 OPHICLEIDE BY CHARLES PACE FRANK TOMES COLLECTION (105LAS)
The conclusion could be drawn that, except in the case of the bugles, the type 
of instrument being made was not a consideration when selecting the metal 
sheet to be used.
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72.7. Introduction
The aim of the thesis was to take a new multi-disciplinary approach to the study 
of ‘brass’ wind musical instruments, to place selected instruments into a more 
comprehensive metallurgical, chronological and historical context. Seventy- 
eight ‘brass’ wind musical instruments dating from 1651 to 1867 from museums 
and private collections were examined as part of this study. At least three points 
on each instrument were analysed. Interpretation of the results consisted of 
examining at least 440 individual analyses.
It is well known that historically the method of producing brass changed during 
the period under study (see Chapter 4). Two instruments illustrate comparative 
examples of the two extremes of composition: the earliest known ‘brass’ 
instrument found in Britain, the Billingsgate trumpet (BWB83[335]<225>) (Vol.2, 
381-383) dated to the late fourteenth century, and a replica of a Bohemian horn, 
commissioned in 1992 by the Horniman Museum, designed by John Webb and 
made by Andrew Taylor (M46-1992; Vol.2,612-614). The early trumpet is used 
to illustrate a brass alloy which could only have been made by the cementation 
process at that time (Chapter 4, 64), and a modern replica using sheet brass 
which is made by the direct method using modern refining techniques (Chapter 
4,63). Results for each instrument are given in Vol.2 Appendix F. The analysis 
from the bells alone is given here to illustrate the difference (see Figure 12.1).
Instrument Cu Zn Fe Pb Sn Ag As Sb
Billingsgate 
trumpet (bell)
75.00 24.00 0.00 0.40 0.20 tr tr tr
Replica horn 
(bell)
70.00 30.00 tr 0.00 0.00 0.00 0.00 0.00
FIGURE 12.1. COMPARISON CEMENTATION AND DIRECT METHOD BRASS
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There are two principal differences. One is the proportion of copper to zinc, 
although as will be shown the introduction of the granulation process for making 
cementation brass increased the amount of zinc absorbed by the copper, 
making levels up to 30% achievable. The second is the presence of trace 
metals. The refining process for cementation alloys is limited by the production 
method and due consideration can be given to the source of the original ores 
and the trace metals (Mitchiner et al 1987, 123-129). Modern techniques of 
manufacture for copper and zinc including electrolytic refining, produces very 
‘clean’ sheet metal (Chapter 4, 63).
12.2. Trace metals
Mitchiner et al (1987) when examining more than 1000 Nuremberg jetons 
recovered from the Thames (Chapter 1, 23) also had the opportunity to explore 
the occurrence and reason for the key trace metals: lead, silver, nickel and 
arsenic. The last three relate to the original ores. Because the jetons could be 
dated, the pattern of use of ores from different regions could be put into a 
chronology. Tin also occurs as a trace metal, but it also occurs as a deliberate 
combination with copper and zinc to form a ternary alloy (see below, 218). 
Merkel has also shown experimentally that very ‘pure’ copper can be produced 
by fire refining of copper with a decrease in iron content to about 0.02% (Merkel 
1990, 117). His work at Timna found that nickel, tin, lead, antimony and arsenic 
were more difficult to oxidise and remove by slagging, but fire refining with silica 
and ash could further improve the quality of the copper (Merkel 1990, 118).
The percentages given in Figure 12.2 have been extracted from the information 
provided and summarised by Mitchiner et al (1987). This work has proved 
invaluable in drawing together information from their own work and those of 
others. XRF results from this study are considered against the practical 
evidence put forward by Mitchiner et al, based on experimental work, and 
carried out by archaeo-metallurgists such as Tylecote et al (1977), and Werner 
(1977 and 1981). The figures therefore reflect the ores in use during the period
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Nickel Silver Arsenic
Swedish
copper
None > 
negligible
>0.1% None
Hungarian
copper
0.11 >0.72% None 0.66%
Harz copper 0.11 >0.72% 
(similar to above)
0.1 >0.15 0.4 >1.00%
Welsh copper 0.66 >1.21% No data 0.66 >1.21
FIGURE 12.2. SUMMARY OF TRACE ELEMENTS AFTER MITCHINER ET AL (1987)
of this study and can only be considered as a guide to understanding the source 
of ore.
Lead
Mitchiner et al (1987), Hachenberg (1999) and Riederer (1983) amongst others 
all note that lead levels in compositions are higher in the early period, and that 
by the nineteenth century the lead levels drop. This decline can be correlated 
to the change from the cementation method for making brass to the direct 
method (Mitchiner et al 1987, 124). Werner also records that lead is present in 
calamine ores and may be an indicator for the cementation process, even when 
refining techniques for copper have improved. Lead is particularly present in 
calamine ores from the Stolberg/Aachen region (Werner 1981,106). Lead can 
also be deliberately added to an alloy, particularly metals to be cast (not for 
sheet metal), or to those where some machining is required (Chapter 3, 58).
Nickel, Silver, Arsenic
Nickel was not known generally as a metal in England until the nineteenth 
century so its presence in compositions can be said to be derived from the 
original ores (Howard-White 1963).
Silver is also associated with copper ores. As a precious metal silver was, as 
much as possible, refined from copper. The figures arrived at by Mitchiner et al
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reflect this understanding of the processes at the different ore sites to extract 
the silver. This is discussed in their paper (Mitchiner et al 1987, 124).
Arsenic is a common component of copper ores and its concentration in the 
final metal is influenced by the refining techniques and the type of ore 
used.Copper smelted from sulphide ores which have to be roasted prior to 
reduction, loses its arsenic through volatilization. Oxide ores retain their arsenic 
(Tylecote et al 1977, 330). Consequently concentrations of arsenic can vary 
throughout the centuries as oxide ores are supplanted by sulphide ores from the 
same region.
12.3. Copper
Copper sheet was available commercially throughout the period of the study. As 
described above the trace metals present in copper ores can be used to obtain 
some idea of source.
James Whiston (ca1637-1707) produced a broadsheet The Merchants Weekly 
Remembrancer. Ten copies of this publication dating between 1681 and 1701 
survive in the Special Collections of the University of London library. The 
information was a guide to merchants on the ‘present-money-prices’ of their 
goods ashore (see Figure 12.3). The week of July 4 1681 shows that by the end 
of the seventeenth-century a wide range of copper materials from all over 
Europe were available to the buyer: Copper in thin plates from Hambrough 
[Hamburg], ditto thick plates best, thick plates from Hungary, Sweden money 
plates [British coinage was made from Swedish copper from the time of Charles 
II], Aken [Aachen] kettles best in sorts, rose copper, Latten sheets.
As can be seen from Figure 12.2 nickel and arsenic are the two trace metals 
that are most diagnostic of copper ore source. As noted in Chapter 5 production 
and/or supplies of copper in England were a problem in the sixteenth and 
seventeenth centuries. The deposits of copper were exploited from the Keswick
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FIGURE 12.3. WHISTON’S REMEMBRANCER LONDON 4 JULY 1681, PRICE BY THE CWT 
WHISTON’S KEY: ‘D = DUTY PAID INWARDS. P=WHAT PAYETHOUT R=RECEIVING BACK. WHICH 
FOR MOST GOODS IS HALF WHAT WAS PAID IN. PROVIDED THEY BE SHIPPED OUT WITHIN A 
YEAR. NOTE THAT HIS MAJESTY ABATES 5 PER CENT OUT OF THE DUTY SET DOWN’.
mines from about 1567, and then later from South Wales (Chapter 5, 77). 
During the civil war brass makers found it necessary to import copper from 
Sweden as the activities at Keswick had been stopped by the war (Day 1973, 
23). Sweden had always been a major supplier of copper. The ore deposits had 
been exploited since the thirteenth century (Mitchiner et al, 1987, 114-115).
30% of all Swedish exports in the early seventeenth century were copper. In 
the 1690’s Sweden supplied about 50% of European copper (Tylecote 1976, 
94). By the sixteenth century the mines in Hungary and the Harz mountains 
near Nuremberg were being exploited. As market forces swung to and fro so
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different copper sources were dominant. Analytical studies show that the main 
contrast is between the non-nickeliferous copper of Swedish origin and the 
nickeliferous coppers of central Europe (see Figure 12.2; Mitchiner et al 
1987,114-115).
Based on this postulation, it is interesting to note that in the case of the late 
fourteenth century trumpet from the Museum of London (BWB83[335]<225>) 
that there is no nickel in either the brass or the ternary alloy, and that there are 
negligible levels of arsenic in the ternary alloy (Vol.2, 382-383), suggesting a 
possible Swedish source for the copper. The three Dudley trumpets (A24656 
Vol.2, 385-386; 43.291 Vol.2, 388-389; 64.147 Vol.2, 391-392) show all three 
trace metals. The arsenic levels are difficult to interpret, as some of the element 
may be present due to the method of patination that might have been used on 
the surface of the instruments to turn them a rich brown colour (personal 
communication Laurence Birnie metals conservator National Maritime Museum 
February 2003). Hypothetically the high levels of arsenic and nickel compared 
to other coppers could suggest a Welsh origin, which would be consistent with 
the contemporary state of affairs (Chapter 5, 77). The Simon Beale trumpet 
(X78), the William Bull trumpet (A23580) and the William Bull copper hunting 
horn (14.5.47/307), in general, show there to be no nickel, little or no arsenic 
and some silver, suggesting again a Swedish origin for the copper ore (see 
Figure 12.4).
Suma Inst. No. Inst. Name|Chron< Section XRF No. I Ag | As Ni I Pb
Beale x78 TRUMPET 1667 Bell (2) HM177m 0.00 0.00 0.00 0.21
Beale x78 TRUMPET 1667 Yard, second HM177k 0.15 0.00 0.00 0.27
Beale x78 TRUMPET 1667 Yard, third HM177e 0.40 j0.50 0.16 0.50
Beale x78 TRUMPET 1667 Yard, first - tub HM177d 0.21 0.00 0.00 0.13
Beale x78 TRUMPET 1667 Bell HM177a 0.13 0.00 0.63
Bull A23580 TRUMPET 1680 ^ard, 2 HM228c tr 0.00 tr 0.34
Bull A23580 TRUMPET 1680 Yard, 1 HM228b tr 0.00 tr 0.76
Bull A23580 TRUMPET 1680 Bell HM228a tr 0.20 0.00 0.50
Bull 14.5.47/307 HORN, HU 1699 Tube segment, HM201k 0.23 0.00 0.00 0.00
Bull 14.5.47/307 HORN, HU 1699 Bell (2) HM201a tr 0.00 0.00 tr
Bull 14.5.47/307 HORN, HU 1699 Tube, shiny ar AM297D 0.00 0.00 0.00 0.54
Bull 14.5.47/307 HORN, HU 1699 Bell (1) AM297 0.00 |0.00 0.00 0.41
FIGURE 12.4 TRACE METALS IN BEALE AND BULL INSTRUMENTS
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The two John Harris trumpets (RCM189 and X70) however indicate a central 
European origin for the copper with a little nickel, arsenic and silver in the 
composition (see Figure 12.5).
jSumarl Inst. No. Inst. Name Chror Section I XRF No. Afl As | Ni Pb
Harris |x70 TRUMPET, 1720 Bell IHM156a 0.24 0.81 0.23 0.00
Harris 1x70 TRUMPET, 1720 Yard, 1 JlHM156d 0.34 2.00 0.32 0.00
Harris x70 TRUMPET, 1720 Yard, 2 |HM156c 0.22 2.50 0.19 0.00
Harris RCM189 TRUMPET, 1722 Patch on bell |505 0.01 0.16 0.00 0.00
Harris RCM189 TRUMPET, 1722 Bell - raw 504 0.00 0.16 0.20 0.00
Harris RCM189 TRUMPET, 1722 Bell - norm' |504 0.00 0.16 0.20 0.00
Harris x70 TRUMPET, 1722 Yard, Secon |HM156c 0.22 2.50 0.19 0.00
|Harris |x70 TRUMPET, 1722 Bell |HM156a 0.24 0.81 0.23 0.00
FIGURE 12.5 TRACE METALS PRESENT IN HARRIS INSTRUMENTS
The instruments by Winkings, Hofmaster and Rodenbostel also suggest a 
Swedish origin for the copper with little or no arsenic and nickel in the alloy (see 
Figure 12.6).
Surname llnst. N< nst Nan Chror Sectioi XRF No. Afl As Ni Pb
Hofmaster x606 HORN, 7 174 Bell HM190e tr 0.00 tr 1.59
Winkings SH2 HORN, H 1750 Bell HM197a 0.00 0.00 0.00 3.15
Winkings 604 HORN, C 1750 Bell HM155a tr 0.00 0.14 0.23
Winkings M39-1 HORN, N 1750 Bell AM298 0.00 0.00 0.00 1.17
Winkings 147.94 HORN, H 1750 Bell HM198a 0.00 0.19 0.23 0.17
Winkings 147.94 HORN, H 1750 Tube HM198C tr 0.00 tr 0.00
Winkings 2493 HORN, N 1750 Bell F118642B 0.06 0.00 0.08 0.27
Winkings 2627 HORN, F 1750 Bell F118658B 0.09 1.07 0.00 0.11
Winkings 3282 TRUMPE 1750 Bell F118685B 0.09 0.00 0.00 0.75
Winkings 604 HORN, C 1750 Tube HM155C tr 0.00 0.20 tr
Winkings 2492 HORN, F 1760 Bell F118667B tr 0.18 0.18 0.99
Rodenbostel F1536 HORN, 1763 Bell HM224a tr 0.20 tr 2.00
Hofmaster SH1 HORN, H 1764 Tube HM196e 0.21 0.00 0.13 0.99
Hofmaster SH1 HORN, H 1764 Bell HM196a 0.23 0.00 0.00 1.73
Hofmaster x607 HORN, 1764 Bell HM191a 0.00 0.00 0.00 2.86
Rodenbostel x72 TRUMPE 1780 Bell HM192a tr 0.00 0.00 0.96
Rodenbostel F1537 HORN, 1789 Bell HM225a tr 0.30 tr 2.50
Hofmaster 3296 HORN, c 176 Bell F125038B 0.03 0.06 0.21 0.73
|Hofmaster 3297 HORN, c 176 Bell F125044B 0.06 0.00 0.09 1.13
FIGURE 12.6 TRACE METALS IN WINKINGS. HOFMASTER AND RODENBOSTEL INSTRUMENTS
It has been proposed that Hofmaster acted as an agent in London and imported 
horns from Vienna. This theory, based on style, was first published by Blandford
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in 1922 who in turn based his observation on the fact that orchestral horns with 
crooks originated in Vienna in about 1718 and that in 1725 when Sir William 
Morgan of Tredegar wanted silver horns for his hunt he acquired them from 
Vienna. At the time when Blandford was writing the Hellier orchestral horns 
were thought to have been acquired by Sir Samuel Hellier in 1735. If this was 
so then Blandford puts a date of about 1730 on the horns (Blandford 1922, 544, 
546). However recent research by Frew and Myers (2003) has concluded that 
they were obtained much later in 1767 (Chapter 11, 181). The author feels that 
because of the restraints on the accuracy of the analysis by surface 
examination it would be difficult to conclude with any certainty that these two 
horns were not produced in England. However it is interesting to note that 
amongst the eighteenth-century instruments that were analysed these two (and 
two of the Winkings horns, 2492 and 147.940) exhibit traces of nickel, arsenic 
and silver, and the origin of the horns is in question (Frew and Myers 2003).
Copper sheeting per se as used by William Bull in the horn (14.5.47/307; Vol.2, 
401-402) and in the nineteenth century by the Pace family for making bugles 
(e.g. 100455; Vol. 2 p.) was of good quality and presented little difference when 
surface analysed by XRF even with a span of more than a century between 
them (see Figure 12.7). Consequently attempting to put instruments into a 
chronological order by the copper sheeting employed (unless the trace metals 
were very different), following the trends noted by Mitchiner et al, is not 
possible.
12.4. Binary alloy: copper/zinc: brass
As can be seen in Figure 12.1 the difference between a cementation brass and 
a modern direct method brass could be very clear, the two distinctive markers 
being the proportions of copper to zinc and the presence of trace metals. A 
complicating factor is the introduction of the granulation process in the 
development of the cementation process which increased the amount of zinc 
present in the alloy. The presence of trace metals does assist with identifying
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Chron | pb [ Fa 1 Zn As
Bull 14.5.47/307 HORN, H 1699 Tube seg HM201k 09.76 0.00 Iio o  b  oo 0.00
Bull 14.5.47/307 HORN, H 1699 Bell (1) AM297 09.36 0.41 N100 p.23 0.00
Bull 14.5.47/307 HORN, H 1699 Tube, shin AM297D 99.20 0.54 <100 0.26 0.00
Bull 14.5.47/307 HORN, H 1699 Bell (2) HM201a 09.99 tr Nio o  boo 0.00
Pace 1970.274 BUGLE, 1823 Tube HM119d 09.24 0.00 n100 0.00 0.55
Pace 1970.274 BUGLE, 1823 Bell HM119a 09.36 0.00 I100 0 00 0.48
Pace 15.10.48/209 BUGLE, 1829 Tube HM116d 08.10 1.42 Iio o  boo 0.33
Pace 15.10.48/209 BUGLE, 1829 Bell HM116a ©9.32 0.00 f100 0.00 0.49
Pace JW2 BUGLE, 1831 Bel! HM152a 99.72 0.00 M100 0.00 tr
Pace 012LAS BUGLE, 1831 Bel! HM132a 09.70 0.00 N100 0.00 0.29
Pace BH540 BUGLE, 1831 Bell HM143a 09.18 tr M100 0.00 0.41
Pace BH543 BUGLE, 1833 Tube, nrMHM144e 09.83 0.00 |100 0.00 0.00
Pace BH543 BUGLE, 1833 Brazing, to HM144g 67.44 0.98 Jl121 30.63 tr
Pace BH543 BUGLE, 1833 Bell HM144a 99 99 o76b T<100 0.00 0.00
Pace X.1816 BUGLE, 1834 Bell HM194a 09.58 0.00 100 0.00 0.40
Pace JW1 BUGLE, 1839 Bell HM150a 09.71 0.00 tr b.oo tr
Pace 2.8512 BUGLE, 1840 Bell HM193a 99.99 0.00 |3.00 kr 0.20
Pace 100455 BUGLE, 1840 Bell HM219a 99.88 0.11 3.00 0.00 tr
Pace KH146 BUGLE, 1841 Bell HM158a 99.87 0.00 fio o  boo tr
Pace JW164 BUGLE, 1841 Bell HM151a 99.66 0.00 i<3.00 jO.OO 0.24
Pace 171 LAS BUGLE, 1841 Bell HM131a 09.55 0.00 Jl3.00 boo 0.30
Pace BH541 BUGLE, 1841 Bell HM142a ©9.75 0.00 tr 0.00 tr
Pace 15.10.48/206 BUGLE, 1841 Bell tube HM117d 08.76 0.81 I3.00 0.00 tr
Pace 15.10.48/206 BUGLE, 1841 Bell HM117a 09.83 0.00 tr boo 0.00
Pace 15.10.48/206 BUGLE, 1841 Brazing, s HM117i 59.79 1.46 H3.09 38.41 tr
Pace 3024 BUGLE, 1842 Brazing, in F118612 06.71 0.26 H100 p.48 0.37
Pace 3024 BUGLE, 1842 Bell F118608 99 39 0.17 I3.00 |000 0.31
FIGURE 12.7 COMPARISON BULL AND PACE COPPER INSTRUMENTS
the technology involved. The cementation process does not allow for the 
refining of the melt after production without significant loss of zinc. In contrast, 
for production by the direct method, as the process improves, the metal looks 
‘cleaner’ because the copper as well as the zinc could be refined separately. 
This suggests that there was a stage where the cementation process was well 
honed and producing good quality metal with some trace metals. However this 
is not totally the case, since zinc could now be produced by a method of 
distillation that resulted in a pure metal: any trace metals would then relate 
solely to the level of refining of the copper. This might well be illustrated by the 
three eighteenth-century German makers (see Figure 12.8).
The metal reflects the move towards a high zinc content by the mid-third quarter 
of the eighteenth-century. By the end of the eighteenth-century the trace 
elements were less and it is evident that the direct method of producing brass 
was being used commercially.
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Surname Inst No. Inst N<Chroi Secti Cu Zn As Fe Ni pPb] Sn Ag Co Sb
Winkings 2627 HORN, 1750 Bell 98.64 0.00 1.07 0.00 0.00 otT tr 0.09 0.00 0.05
Winkings SH2 HORN, 1750 Bell 74.05 22.55 0.00 0.22 0.00 3.15 0.00 0.00 0.02 0.00
Hofmaster SH1 HORN, 1760 Tube 73.48 24.69 0.00 0.66 0.13 0.99 0.00 0.21 0.04 0.00
Winkings M39-1983 HORN, 1750 Bell 70.53 28.30 0.00 0.00 0.00 1.17 000 0.00 0.00 o.'oo'
Winkings 2492 HORN, 1760 Bell 70.02 28.31 0.18 0.26 0.18 0.99 tr tr 0.00 0.00
Hofmaster 3297 HORN, 1760 Bell 69.93 28.37 0.00 0.34 0.09 1.13 0.06 0.06 0.00 0.02
Winkings 604 HORN, 1750 Tube 70.46 28.93 0.00 0.27 0.20 tr 0.00 tr 0 03 0.00
Hofmaster SH1 HORN, 1760 Bell 68.67 29.34 0.00 0.23 0.00 1.73 goo 0^ 23 0 02 0.00
Winkings 604 HORN, 1750 Bell 69.65 129.61 0.00 0.36 0.14 0.23 0.00 tr tr 0.00
Winkings 147.940 HORN, 1750 Bell 69.65 29.64 0.19 0.12 0.23 0.17 0.00 0.00 L _ 0.00
Winkings 147.940 HORN, 1750 Tube 69.57 29.83 0.00 0.19 tr 0.00 0.39 tr 0.02 0.00
Hofmaster 3296 HORN, 1760 Bell 68.99 29.85 0.06 0.10 0.21 0.73 0.00 0.03 oToo 0.02
Rodenboste F1536 HORN, 1763 Bell 67.88 29.98 0.20 tr tr 2.00 0.00 tr 0 03 0.00
Winkings 3282 TRUM 1750 Bell 68.74^ 30.16 0.00 0.19 0.00 0.75 tr 0.09 goo 0.00
Winkings 2493 HORN, 1750 Bell 68.92 30.29 0.00 0.28] 0.08 0.27 0.00 0.06 0.00 0.00
Hofmaster x607 HORN, 1764 Bell 66.30 30.83 0.00 0.00 0.00 2.86 0.00 0.00 0.00 0.00
Hofmaster x606 HORN, 1749 Bell 66.28“ 32.04 0.00 0.08 tr 1.59' 0.00 tr___ tr 0.00
Rodenboste F1537 HORN, 1789 Bell 64.88 32.28 0.30 0.00 tr 2.50 0.00 tr tr 0.00
Rodenboste x72 TRUM 1780 Bell 65.32’ 33.46 0.00 0.22 0.00 096 0.00 tr 004 0.00
FIGURE 12.8 XRF BRASS COMPOSITIONS INSTRUMENTS BY GERMAN MAKERS
The analyses for the nineteenth-century Pace instruments all reflect the higher 
concentrations of zinc and lower concentrations of trace metals, indicating the
direct method for brass making (see Figure 12.9). This ‘cleanliness’ of the
Suma Inst. No. Inst. Name Chro Secti XRF No. | Cu Zn As Co Fe Ni Pb Sb Sn
Pace 14.5.47/229!TRUMPET, S 1829 Bell AM605A 98.60 0.00 1.00 0.00 0.03 0.00 0.00 0.03 0.00
Pace JW4 CORNOPEAN 1832 Bell HM147a 65.15 34.43 0.25 0.00 0.13 0.04 0.00 0.00 0.00
Pace 1973.898 TRUMPET, 2- 1835 Bell HM218a 99.62 tr 023 0.00 0.14 0.00 0.00 0.00 tr
Pace 712 TRUMPET, 3- 1836 Bell HM154a 67.28 32.05 0.00 0.00 0.15 tr 0.51 0.00 0.00
Pace 100439 TRUMPET. S 1837 Bell HM220a 65.85 33.94 tr 0.01 0.20 0.00 0.10 0.00 0.00
Pace A.1942.68K CORNOPEAN 1838 Bell F125052BJ63.93 35.10 0.00 0.00 0.11 tr 0.79 0.00 tr
Pace JW3 TRUMPET, 2 1839 Bell HM149a 65.25 34.59 0.00 0.00 0.09 0.05 0.10 0.00 000
Pace CSP1 TRUMPET, S 1839 Bell HM161a 63.97 36.02 0.00 0.00 tr 0.00 0.10 0.00 tr
Pace BH613 TRUMPET, S 1840 Bell HM138a 65.29 34.15 0.00 0.00 0.09 tr 0.46 0.00 0.00
Pace 122 CB CLAVICOR 1840 Bell HM127a 66.04 33.55 0.00 0.00 tr 0.00 0.41 0.00 0.00
Pace 3286 TRUMPET, 2- 1840 Bell F118677B 64.32 34.83 tr 0.00 0.00 0.00 062 0.00 0.00
Pace 100568 CORNOPEAN 1840 Bell HM221a {66.94 32.46 0.00 tr tr 0.00 0.60 0.00 0.00
Pace 14.5.47/290 TRUMPET, 2- 1841 Bell AM821B 63.60 34.96 0.07 0.00 0.18 0.09 1.05 0.00 0.00
Pace 14.5.47/199 TRUMPET, 3- 1841 Bell AM820B {71.80 27.52 0.02 0.00 0.08 0.00 0.55 0.00 0.00
Pace 14.5.47/76 TRUMPET, 2- 1841 Bell AM822B [99 32 0.18 0.25 0.00 tr 0.00 0.09 0.08 0.05
Pace CSP2 TRUMPET, 2- 1841 Bell HM159a 170.53 29.05 p.00 tr 0.11 0.00 0.27 0.00 0.00
Pace JW5 CORNOPEAN 1841 Bell HM145a 66.07 32.82 0.00 0.02 0.13 0.00 0.96 0.00 tr
Pace CSP3 CORNOPEAN 1841 Bell HM160a 64.35 35.18 0.00 0.00 0.15 0.00 0.28 0.00 0.00
Pace 1969.696 TRUMPET, 2 1841 Bell AM825B 170.40 28.63 0.00 0.00 0.15 0.05 0.69 0.00 0.07
Pace 1136 CORNOPEAN 1841 Bell F118577B 199.36 0.00 0.20 0.00 0.00 tr 0.24 0.00 0.00
Pace BH612 TRUMPET, S 1841 Bell HM137a 63.62 36.00 0.00 0.00 0.12 0.00 0.23 0.00 0.00
Pace JWnnl CORNOPEAN 1841 Bell HM146a 65.83 33.71 0.00 tr 0.00 tr 0.45 0.00 0.00
Pace JWnn2 CORNOPEAN 1841 Bell HM148a 64.45 35.43 0.00 tr 0.10 tr 0.00 0.00 0.00
Pace 35.107 CORNOPEAN 1841 Bell HM118a |68.53 30.81 0.00 tr 0.09 0.45 0.53 0.00 0.00
Pace BH623 TRUMPET, 2 1841 Bell HM139a 73.00 26.99 0.00 tr 0.10 0.00 0.00 0.00 0.00
FIGURE 12.9 XRF BRASS COMPOSITIONS PACE INSTRUMENTS
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primary metal of the instruments helps to highlight when components such as 
the cementation brass key plates have been re-used. See Figure 11.12 key 
plates (Chapter 11, 203) compared to Figure 12.9. This would all be consistent 
with a nineteenth-century workshop where old instruments were coming in to be 
repaired or re-cycled and where serviceable key plates and valves would be 
hoarded.
For example, based on the XRF data, the restructured slide and spring box 
components to the RCM John Harris trumpet are made of cementation brass 
(RCM 189; Vol.2, 403-404). This is consistent with the period of Thomas Harper 
Senior’s life (1786-1853) when the reconstruction could have been done in the 
late eighteenth century or early nineteenth century when cementation brass was 
still being produced (see Chapter 4 and 5).
12.5. Binary alloy: copper/tin : bronze
The Museum of London William Bull trumpet appears to be a straightforward 
bronze, typically about 91% copper with 8% tin, the remainder being lead and 
arsenic (see Figure 12.10; Vol.2 p.).
Help Analysis U t i l i t i e s  eXit User:bjjg2 15MK<1 128K
BURL PCA-1I XRF Prograw
Id: HH228a Hi I l ia *  Bull trunpet (MoL A23580)- bell
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FIGURE 12.10 XRF SPECTRA OF WILLIAM BULL TRUMPET. MUSEUM OF LONDON (A23580)
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12.6. Ternary alloy: copper/zinc/tin
The unexpected nature of the ternary alloy Cu/Zn/Sn used in the seventeenth 
century has provided an added dimension to the use of such ternary alloys. 
Mitchiner et al (1988) had noted the tradition in France and the Low Countries in 
the fifteenth and sixteenth centuries of using a ternary alloy of copper/zinc and 
tin for making trade counters, which they call latten, where tin levels varied from 
2-9% (Mitchiner et al 1988, 118). However they also attribute the term latten to 
alloys containing minimal amounts of tin (Mitchiner et al 1988, 123). Mitchener 
et al consider latten (which they call a low zinc brass with tin added) to be in the 
range of 80-90 % copper, 4-12 % zinc, 3-5 % tin (Mitchener et al 1987, 115).
This raises the question of how we should consider these alloys. Is ‘latten’ its 
most appropriate term?
Bayley would consider these high copper compositions with zinc and tin 
percentages below 5% as ‘impure’ copper (Bayley 1991,15). She would also 
prefer to call these ternary alloys by the modern term of gun metal rather than 
latten (see Figure 12.11; Bayley 1991,14).
gunm atftl
ZINC
brenzN
0 10 IS  % Sn
FIGURE 12.11 ALLOY NOMENCLATURE AFTER BAYLEY (1991. 14)
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However Mitchiner et ai feel that a low zinc copper alloy with 2-4% zinc was a 
deliberate mix, perhaps to suit a particular customer (Mitchiner et al 1987, 137). 
It is uncertain therefore whether this composition was available commercially.
Cameron makes a case for the composition to be consistent with contemporary 
accounts of ‘latten’ where he encountered low levels of tin, but proportionally 
high values for zinc. However he leaves a broad range for consideration and 
feels that latten is typically: 75-85% copper, 5-20% zinc, 3-8% tin, 0-5% lead 
(Cameron 1974, 230).
Contemporary accounts have to be considered as well. William Bull is quoted in 
the Talbot papers as saying that the best metal is ‘bastard brass mixed with 
solid brass’ (see Figure 3.6; Talbot Papers). Pettus in 1686 in his dictionary 
describes ‘bell metal’ as a composition of copper and tin with some brass added 
(Pettus 1686). The term ‘bell metal’, as noted in Chapter 5 (Figure 5.1) was a 
sheet metal available from Elizabethan times. Copper and calamine were most 
likely imported, but tin could be a home product.
The memorial ‘brass’ for the tomb of Richard Beauchamp, Earl of Warwick, 
erected in St Mary’s church Warwick in 1453 was to be made of best ‘Cullen’ 
(Cologne) plate of thickest finest latten (Cameron 1974,228). Analysis carried 
out on drillings from the plate by Newton Friend and Thorneycroft in 1927 found 
that the composition, probably by wet chemistry techniques, was:
Copper 84.1%
Zinc 8.2.%
Tin 3.6%
Lead 1.2%
Iron 2.6 %
The other factor to consider is the economics of the time. The Dudley trumpets 
(A24656, Vol.2, 384;43.291, Vol.2, 387;64.147,Vol.2,390), for example, were 
either made during the Commonwealth period when home-made brass
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production was at a standstill and the priority for the government was to make 
copper/tin alloys for ordnance, or during the Restoration when the brass 
industry was undergoing a revival. The Beale trumpet (X78; Vol.2 p.) was made 
in the early Restoration period. The alloy therefore could be reflecting what was 
available at the time. Hachenberg came to the same conclusion for instruments 
made in Germany (Hachenberg 2002, 247). The use of recycled material was 
probably commonplace. In which case the alloy could be ‘impure’ copper which 
had been recycled with some bronze and brass scrap, or, bronze which had 
been recycled with scrap brass or even a bit of solid brass. Caple refers to 
‘fresh brass’ being added to existing scrap bronze in his study on the production 
of pins in the medieval and post-medieval period (Caple1995, 224). Perhaps 
this was the metal that Bull was referring to as bastard brass (scrap/bronze) 
mixed with solid brass (see above and Figure 3.6, 61). Zinc as a metal was 
known but not readily available and copper/tin alloys were considered a form of 
brass (see Chapter 3.4). De Ruette in her paper describing the development of 
the understanding of the use of zinc and brass considers that zinc was available 
and used for making brass, but does not quantify its use (de Ruette 1995,198). 
Hachenberg (personal communication April 2003) also considers that zinc 
would have been an expensive commodity and that once the calamine process 
was in regular production there was no need to change technology. Mitchiner 
et al show that some of the jetons examined by them possibly had been made 
by the addition of metallic zinc as the quantities were in the region of 34-37% 
zinc. However these appear to be only occasional issues, and that in general it 
was the development of the granulated copper method for making cementation 
brass that resulted in levels up to 30% (Mitchiner et al 1987, 147).
Consequently while it is possible in the seventeenth century that metallic zinc 
had been added to a copper/tin mix, it is unlikely. Even today most brass is 
made of recycled scrap.
The Dudley, Beale and Harris trumpets (RCM 189, X70) show ternary alloys in 
the range of 2-8% tin and 1-6% zinc. Within each instrument the ratios are
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either aproximately 1:1 tin/zinc or 2:1 tin/zinc (see Figure 12.12). The 
approximate proportion of 6% tin to 2% zinc of the Beale trumpet is very 
comparable with the Dudley trumpets dated to 1665 and 1666 (see Figure 
12 . 12).
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FIGURE 12.12 XRF TERNARY ALLOY COMPOSITIONS FOR YARDS. EARLY TRUMPETS
Some of the individual parts of the trumpets show a varied ratio of tin and zinc. 
In the case of the Dudley trumpet dated to 1651 (A24656; Vol.2, 384-386) made 
shortly after the Civil War and during the Commonwealth period, each part of 
the instrument exhibits a different proportion of tin to zinc. This could be for 
several reasons:
1. The instrument has been re-built; it is minus its ball (Halfpenny 1969). 
This could suggest that old parts of instruments have been used to 
construct a complete one. This is indicated by the bell being mainly of 
copper, but has been joined to the bell pipe, which is a ternary alloy. The 
bell and bell pipe of a trumpet would normally be one continuous piece 
(Barclay 1992, 9).
2. The source of metal available at the time was limited and at a premium. 
The analysis indicates the use of scrap metal, where scrap bronze and 
brass would have been mixed together. This inevitable loss of zinc is well 
known and one could expect at least 10% to evaporate with each melting 
and that the medieval smith could reckon to lose all the zinc between 
four to six re-smeltings (Craddock 1985, 38; Martinon-Torres and Rehren 
2002, 104). Similarly tin also loses a certain percentage with each 
melting and would also reduce the amount of zinc being absorbed 
(Craddock 1985, 25). Consequently the variable proportions of tin and 
zinc content would not be unexpected.
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3. The anomalies may be due to the methodology applied. As has already 
been noted results from XRF are improved if the surfaces are flat and if a 
sequence of readings can be taken rather than just one. The two 
readings of the bell to the Beale are comparable, but the surface is flatter 
than the rounded yards and bows (see Chapter 8).
On the other hand the John Harris trumpets were made at the turn of the 
eighteenth century when the brass industry was in revival so is he continuing a 
tradition of making trumpets out of this ternary alloy? It is also interesting to 
note that in the case of the earliest trumpet, the Billingsgate trumpet, although 
the body is made of brass, the repairs and alterations are of a ternary 
copper/zinc/tin alloy. In this case there are two compositions: 1:1 zinc/tin and 
the reversal of what we have seen above 2:1 zinc/tin (Vol.2, 381-383).
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FIGURE 12.13 CONCENTRATIONS OF TIN WITH TIME BASED ON XRF ANALYSIS OF BELLS. 
YARDS AND TUBES OF INSTRUMENTS
One thing is clear, in the seventeenth-century they were not making trumpets 
out of brass alone as originally thought. This problem does illustrate the 
shortcomings of having few instruments for comparative purposes. The 
predominance of brass instruments surviving from German makers, such as 
Winkings and Hofmaster in the eighteenth century, and mainly silver trumpets
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surviving from English makers also weights the evidence. This clear division 
between the centuries can be seen in Figure 12.13, which demonstrates the 
concentrations of tin with time based on XRF analysis of the instruments.
12.7. Ternary alloy: nickel/brass: paktong/Cerman silver
The white metals or nickel brasses are characteristic of the Pace instruments 
from the nineteenth century. Gilmour and Pinn carried out analyses on 129 
artefacts and found that 95% of the pieces fell within the expected guidelines 
(see Figure 12.14) for differentiating between paktong and German silver (see 
Chapter 6; Pinn 1999).
Cu % Zn % Ni % Fe %
Paktong 45-55 35-45 5-15 1-2.5
German silver 60 <25 >15 <0.5
FIGURE 12.14 GUIDELINES FOR COMPOSITIONS PAKTONG AND GERMAN SILVER
After discussing the 5% anomalies to the above guidelines Pinn concluded that 
as a general rule, if the analysis did not conform to the guidelines the piece is 
more likely to be a later European nickel alloy rather than paktong (Pinn 1999, 
68).
The iron content is also a useful indicator. Nearly all of the genuine pieces of 
paktong contain about 1-2.5% iron. In most cases an iron content of less than 
0.5% indicates German silver (Pinn 1999, 68). German silver was a deliberate 
attempt to copy the paktong coming out of China. Throughout the 1820’s, in the 
early years of experimentation, there were problems with refining the available 
nickel, mainly due to its content of arsenic which made producing a robust alloy 
quite difficult. Once the refining difficulties were overcome, German silver was 
cheaper, more readily available and easier to work with than paktong. Because 
of this Pinn, Gilmour and Worrall consider that English nickel alloy pieces 
produced after 1830 are more likely to have been made of German silver than
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Chinese paktong (Pinn 1999, 71; Gilmour and Worrall 1995). The XRF results 
for the Pace instruments are given below in Figure 12.15 and continued over 
the page.
Instr. No. Instrument Part Comments
239 CB Cornopean 
Vol.2, 600
-Valve cap 
-Tube
-more typical mix German silver 
-German silver
JWnn2 Cornopean 
Vol.2, 564
-Garland 
-Finger button 
-Key plate
-probably paktong, not typical, Fe low 
but Zn very high
-an odd mix but closer to Chinese 
paktong than German silver 
-on the cusp, Gilmour leans towards 
Chinese probably about 1800
JWnnl Cornopean 
Vol.2, 552
-Finger button - looks standard paktong, Fe high
JW4 Cornopean 
Vol.2, 474
-Garland 
-Finger button
-Ferrule to ‘teardrop’
-Mouthpiece receiver 
-Key plate
-late paktong
-classic late 18thC paktong -  high in 
zinc and all properties very typical 
-probably late paktong Fe content high, 
high nickel and low zinc typical 1820’s 
-ditto 
-ditto
712 Trumpet 
Vol.2, 504
- Finger button -late 18thC paktong
15.10.48/206 Bugle 
Vol.2, 576
-Garland 
-Key plate 3&5 
-Mouthpiece receiver 
-Ferrule to crook
-German silver
-probably german silver Fe a little high 
-German silver
-probably German silver Fe a little high
35-107 Cornet 
Vol.2, 534
-Garland 
-Valve case
-German silver (low Fe)
-unusual mix could be recycled paktong 
with German silver.
2485 Cornet 
Vol.2, 588
-Garland
-Mouthpiece receiver 
-Clapper Key
-paktong 1800 or earlier 
-paktong characteristics 
-Chinese paktong
CSP3 Cornopean 
Vol.2, 555
-Garland 
-Key plate 
-Finger button
-German silver 1840’s 
-prob. Paktong c.1830’s 
-paktong
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14.5.47/290 Trumpet 
Vol.2, 540
-Finger button -possibly paktong, but similar to 
German silver 1830’s
100568 Cornopean 
Vol.2, 528
-Garland
-Mouthpiece receiver 
-Clapper key plate
-Finger button
-German silver 
-German silver
-typical paktong with some Bi, Sb and 
S n - 1800-1820 
- late paktong 1820-1830
1973-898 Trumpet 
Vol.2, 472
-Finger button 
-Ferrule to stay 
-Garland 
-Ferrule, 3 
-Ball
-Valve 2 case 
-Valve 2 sleeve 
-Valve 2 collar
-1830’s paktong
-late Chinese paktong
-late paktong
-late paktong
-typical paktong
-possibly early German silver
-late paktong
-paktong
BH612 Slide 
trumpet 
Vol.2, 582
-Garland
-Ferrule
-Ball
-German silver (could be recycled) 
-German silver 
-German silver
BH623 Valve 
trumpet 
Vol.2, 546
-Garland
-Ball
-could be partially recycled paktong 
early 1830’s 
-paktong about 1810
FIGURE 12.15 PAKTONG RESULTS
As the results show there is a marked use of nickel brass in the types of 
instruments being made after the 1830’s, particularly the cornopeans, which 
were introduced into England in about 1833 (see p. 198). As they are on the 
cusp of the introduction of the new German silver the cornopeans are showing 
evidence of both types of metal.
The 1973-898 2-valve trumpet is by Frederick Pace of 15 King Street. As has 
been noted above (Chapter 11,200) at the outset of the study it was hoped to 
identify instruments that might have been made by Frederick (1). If one accepts 
that the nickel brass was ‘as new' to the instrument then the types of paktong 
and German silver found on this instrument could well place it chronologically 
within the lifetime of Frederick (1) before his death in 1835. However as has
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already been indicated throughout this study there is constant use of recycled 
elements of instruments, particularly those of any value or of further utility.
12.8. Summary
This chapter illustrates how the data collected and presented in Appendix F 
could be interpreted. The difference between sheet metal made by the 
cementation process and the direct method can be assessed. As discussed 
above several indicators can be used such as the proportions of copper to zinc 
and the presence or absence of trace metals. The trace metals also providing a 
clue to the origin of the copper.
The data from the musical instrument analysis reflects that there is a period 
when the two technologies ran side by side. Analysis of instruments by 
Winkings (M39-1983) and Hofmaster (x606 and x607) show that they were 
probably made out of direct method brass. Harper Sr was using a mixture of 
cementation brass and direct method brass sheet for his reconstruction of the 
Harris trumpet (RCM189). As noted in Chapter 5 (page 83) cementation brass 
was still being made into the early nineteenth-century.
In addition re-cycling of parts of instruments and of materials was common and 
can make interpreting the data for an instrument difficult. However, in general, 
combined with technological and historical information it is possible to postulate 
a broad chronological context for the musical instruments.
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CHAPTER 13. CASE STUDIES
13.1 .Introduction
Three instruments have been selected to examine in detail. They illustrate how 
the catalogue of data in Appendix F might be used. They each represent certain 
aspects of the study that reinforce the comprehensive interdisciplinary approach 
to the methodology and how it can affect the interpretation of each instrument.
• Horn by William Bull dated to 1699, Horniman Museum (14.5.47/307)
• ‘Hat’ horn by an unknown maker said to date from early eighteenth 
century, Horniman Museum (14.5.47/254)
• 3-valve cornopean by Charles Pace, John Webb Collection (JWnnl)
13.2. Horn by William Bull (14.5.47/307) (Vol.2 Figure F. 10)
The horn by William Bull initiated this study. In the late 1980s it was common 
practice (not only at the Horniman Museum) to restore musical instruments to 
playing condition. Even today the museum profession vacillates between 
bringing older instruments up to playing standard and preserving the information 
that they hold (Barclay 1989; Myers 1985).
At the Horniman Museum a modern strategy of conservation was adopted 
(ICOM 1987). Matters came to a head when the museum considered restoring 
a collection of brass wind instruments, including the horn by William Bull, one of 
the earliest surviving ‘brass’ wind instruments in Britain.
By 1990 an appreciation that knowledge of alterations and other technological 
factors are of considerable importance to understanding the history, craft, and 
duty of care to an instrument resulted in the museum wholeheartedly embracing 
this philosophy.
The William Bull horn is part of the Adam Carse collection of wind instruments, 
presented to the Horniman Museum in 1947. He bought the instrument in a 
Puttock and Simpson auction in 1946, on the sale of the collection of Canon 
Galpin. The Reverend Canon Francis William Galpin (1858-1945) was an 
eminent musicologist and organologist known amongst other achievements for
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his publication, first published in 1910, entitled Old English Instruments of Music 
(1965). The Galpin Society was named in his honour. His grandson Judge Brian 
Galpin is also a musicologist and an ex-trustee of the Horniman Museum. Brian 
Galpin informed the author that few records survive of his grandfather’s 
collection, but he has a note that it was bought for £1 from an unknown source. 
The horn does not appear in the first check-list of the Galpin instruments in 
1889, but does occur in the second list compiled in 1895 (Judge Galpin 
personal communication 3 May 2000).
Bull’s instrument has been the centre of attention because it is especially 
controversial due to the insertion of two collars to extend the bell distance from 
the hoops. It has never been completely understood why this intervention 
occurred. The proposed restoration would have removed all historical evidence 
of how the collar extensions had been inserted.
Baines in 1982 published a description and drawing of how the collars were 
inserted. The narrower sleeve [collar], 4.5cm long, is fitted over the main tube 
and into the larger sleeve which is 5.7 cm long and fits over the flared section 
[to the bell]’ (Baines 1982, 157; see Figure 13.1).
FIGURE 13.1 DESCRIPTION OF COLLARS AFTER BAINES 1982. 157
It is not possible to see the joints by peering down the bell. It is just possible to 
feel the first joints with a wooden stick, but confirmation of Baines’ lay-out was 
only possible with the aid of a video endoscope.
The purpose of the collars could have been to repair a badly damaged bell, join 
a bell and a set of tubes from two different instruments, or perhaps the idea was 
to convert the horn to playing in the key of F (Carse 1939, 213-214).
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The author first became involved with the instrument when it was about to be 
sent away to be restored, one of the motives being to take the instrument apart 
to assess the true nature of the collar repairs. This dismantling would have 
meant, amongst other implications, the removal of the solder. Solders are 
diagnostic evidence, and as part of this study, an attempt has been made to 
analyse solders by surface XRF. Mostly the solders are inaccessible in 
crevices and joints but where possible readings were taken. Where relevant the 
results achieved are noted on the instrument sheets in Appendix F. Non­
destructive methods of examining the horn were proposed, among them X- 
radiography and X-ray fluorescence.
13.2.1. X-radiography
At the time that the restoration of the William Bull horn was being contemplated 
X-radiography was not common practise in the musical instrument world even 
though it had long been an essential tool for processing archaeological finds 
and for examining other types of museum objects (Lang and Middleton 1997). 
X-rays however cannot penetrate lead and the results were bound to be 
interesting but not particularly clear. Notwithstanding it did highlight to the 
curators the possibilities of x-radiography and did show some features (see 
Vol.2 Figure F.10; Figure 7.3, 90). It did indicate that there were no obvious 
jagged edges to the bell or back bow. It was possible to see the difference 
between the copper metal and the solder, the diameter of the bore of the tubes 
and the thickness of the metal. The radiography also demonstrated the build up 
of ‘crud’ on the inner surface of tubes, where saliva and water vapour from 
blowing down the horn had caused corrosion of the copper.
13.2.2. X-ray fluorescence
XRF analysis was carried out twice on the horn. Once at the TOL and once at 
the RLAHA. This has proven to be a useful comparison of the results from the 
two units (Vol.2, 399-401). The horn is made of copper, as are the two collar 
repairs. As discussed in Chapter 4 (63-64) copper sheet has been in use for
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hundreds of years and fire refining of copper and poling methods for copper 
were well developed by 1699 when the horn was made. Consequently the 
copper analysis is difficult to interpret. The TOL equipment was more sensitive 
to low concentrations of elements and does indicate some difference between 
the metal used for the bell, tubes and narrow collar repair on the one hand and 
the wider collar repair on the other. The RLAHA equipment did pick up a trace 
of zinc but not the low level of lead. Detecting low levels of lead is a problem 
with the RLAHA equipment (see Chapter 8, 122).
It seems plausible that the bell was badly damaged and that the edges to the 
bell and tube were cut, and a piece of the tube salvaged. The salvaged narrow 
‘collar’ and the wider ‘collar’ could then have been inserted at the same time to 
bring the horn up to playing in the key of F.
The solders can also tell a story. The solder between the tube coils and 
between the two collar inserts is roughly a 2:1 tin/lead solder. The solder to the 
mouthpiece receiver, and to the narrow collar is roughly 1:1 tin/lead solder. It is 
possible that there has been more than one phase of alteration to the 
instrument and more than one way of interpreting the alterations.
Scenario 1.
Phase 1
The initial French horn construction consisted of: a bell and integral back bow 
leading to the coils of tubes with a mouthpiece receiver. There is an ivory 
mouthpiece associated with this instrument. There is no reason to believe that 
the mouthpiece receiver has been altered in any way. This initial 1699 
construction could have used 1:1 tin/lead solder.
Phase 2.
Shortly thereafter the bell might have been damaged and repaired by cutting a 
piece off the back bow, cutting clean the edges and then re-joining bell to coils 
with a single narrow collar. The narrow collar is similar in composition to the rest 
of the horn. The solder to the narrow collar is of 1:1 tin/lead mix.
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Phase 3.
The instrument was required to be re-pitched for orchestral use by lengthening 
it, and a further collar was inserted using 2:1 tin/lead solder. This wider collar 
repair is slightly different in composition to the rest of the horn. At the same 
time repairs might have had to be done to the coils and the same 2:1 solder 
was used there. Unfortunately it is not possible to access the solder between 
the bell and the wider collar repair. At this time, the stay, which is a later direct 
method brass, was probably replaced to span the wider distance between the 
bell and the coils.
Scenario 2.
The collar inserts were done at the same time, and the wider collar might have 
been a piece of scrap in the workshop. It is possible that at some unrecorded 
time in the past the join between the collars might have failed or been 
deliberately taken apart. This would explain why the solder to the joint between 
the two collars is of a different composition to the solder to the narrow collar and 
elsewhere.
13.2.3 Summary
The William Bull horn is of a very simple and elegant design, but has raised 
intriguing questions and has provided the impetus for this study. Identification 
of all the extant solder appears to be one way forward to understanding the 
sequence of events, but could only be progressed by taking samples. Similarly 
sampling the copper elements and using EPMA (Chapter 8, 122) to examine 
the trace metals might also clarify some points. The presence of some tin and 
antimony in the results from the wider collar repair is probably due to 
contamination from the solder which is smeared about.
In this instance some opinion can be offered as to the sequence of events, 
based on the qualitative results from the XRF as much as the quantitative. It is 
possible to indicate the differences in the metal parts and suggest several 
scenarios.
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In general the results from non-destructive surface analysis agree with Peter 
Barton’s opinion that the bell and coils do belong together. But without 
destructive sampling for metallographic and micro-analytical study the mystery 
of the collars is only partly solved.
13.3. ‘H a t’ horn by unknown maker, Horniman Museum (14.5.47/254) 
(Vol.2 Figure F.30)
There is no detailed history for the ‘hat’ horn. It was part of the Adam Carse 
collection of wind instruments. He acquired it from W F H Blandford (1864- 
1952), who bought it from a Mr J. Williams (Harris 1996, 72). The ‘hat’ horn is 
by an unknown maker and is included here to illustrate how non-destructive 
XRF might assist with placing an instrument into a chronological context by the 
composition of the metal.
The horn is made up of seven segments of tubing coiled eleven times and has a 
detachable screw-on bell. It is in good condition. It has been suggested that the 
detachable bell fitted inside one’s hat, the coils in one’s pocket, hence the name 
‘hat’ horn (Morley-Pegge 1960, 14). The horn is associated with a brass- 
studded leather case with the initials I.G. outlined in nails (see Figure 13.2).
FIGURE 13.2 CASE TO HAT HORN (14.5.47/254)
The Horniman Museum musical instrument collection has been much examined 
and commented upon, and has benefited from examination by highly
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knowledgeable musicologists. Their comments are noted in the historical files of 
the Musical Instrument Section.
Carse ( 1878-1958) and Morley-Pegge (1890-1972) felt that the ‘hat’ horn could 
be dated to the early eighteenth century. Morley-Pegge appears to have got his 
information for an early date from Blandford (1864-1952). Harris records that 
Blandford may in turn be basing his dating on a report, by a Mr Mattheson in 
1722, describing ‘English cors de chasse which are concealed in hats so that 
one can put them on and wear them’ (Harris 1996, 48). Harris identified a 
similar example of a horn with a detachable bell in Salzburg Museum ‘Carolino 
Augusteum’. The horn is marked ‘MACHT ADAM BUCHSCHWINDER/IN 
ELLWANG 1738’ (Harris1996, 48). Harris when examining records for his 
Master’s dissertation on the French horn comments that he could find no 
mention of such instruments from an English source. He sees no reason to 
doubt that it could be a ‘hat’ horn but questions the reliability of the dating 
(Harris 1996, 48).
13.3.1. X-ray fluorescence (see Vol. 2 p. )
Nine areas were analysed, seven from the horn and two from metal fittings to 
the leather case.
The Case
The studs and key plate to the box are of cementation brass. The studs have 
been cast and are probably a mixture of recycled metals. This would account for 
the lead and the small amount of tin in the alloy. Similarly the key plate has 
been cast and contains lead. The iron content is quite high for both items, but 
the box has been liberally coated with leather dressing and there could be some 
contamination from the dressing.
The box, therefore, could be early-mid-eighteenth century. The Blandford 
archives show that in 1921 a Mr Brackett of the Victoria & Albert Museum 
‘confirmed’ an early date for the case (Harris 1996, 49). It is difficult to tell if the 
box is original to this horn.
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The Horn
The bell, garland and back bow are made of a very similar composition direct 
method brass with a mean 70:30 copper/zinc, with little in the way of trace 
metals. This would suggest a late eighteenth century date for the horn.
13.3.2. Summary
The age and provenance of the ‘hat’ horn is obscure. The analysis indicates a 
late eighteenth century date for the horn, but supports an early date for the 
case. Even if the composition is appropriate to a good cementation brass, the 
process of using granulated copper to ensure a high percentage of zinc in the 
mix occurred in England after the 1740s. It is possible that the horn is not 
English (Harris 1996, 48). A comparison with data compiled by Mitchiner et al 
shows that throughout the eighteenth century levels of zinc between 25-30% 
were normal (Mitchiner et al 1987, 147), but they are accompanied by a wide 
range of trace metals, mainly nickel, arsenic, silver, antimony, iron and lead. 
Similarly other early eighteenth-century instruments examined for this study 
such as Winkings (3282; Vol.2, 429-431) and Hofmaster (3296; Vol.2, 441-443) 
they show similar proportions of coppenzinc, but again exhibit a wide range of 
trace metals. The ‘hat’ horn is much ‘cleaner5, with traces of iron and lead, and 
compares better to an instrument such as the 3-valve trumpet by Charles Pace 
(14.5.47/199; Vol.2, 570-572) with a median date of 1841.
In conclusion it could be said that the ‘hat' horn by compositional analysis is 
better suited to a late eighteenth century date.
13.4. 3-valve cornopean by Charles Pace (JWnn1)(Vol. 2 Figure F.57)
The cornopean by Charles Pace dated to about 1841 has been chosen as a 
case study to illustrate the variety of metals old and new that can be found on 
an instrument well into the nineteenth century. It highlights the nature of the 
maker's workshop at this time, when eighteenth-century technology is still
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prevalent, and old instruments are probably coming into the workshop to be 
used as scrap or to be restored.
13.4.1. X-ray fluorescence
Four areas were analysed from this instrument. The bell and the tube to valve 2 
are made of direct method brass. The clapper key plate is a cementation brass, 
and the finger button to valve 3 is a nickel brass called ’paktong’. The bell and 
valve part are roughly 66:34 copper/zinc brass with little trace metals, about 0.5 
% lead and a trace of iron. The clapper key plate is roughly 76:20 copper/zinc 
with traces of iron, nickel, lead, tin, silver and arsenic. The nickel brass 
contains a high level of iron, which is indicative of a Chinese paktong rather 
than a German silver.
13.4.2. Summary
The period of activity by Charles Pace at 49 King Street is broadly 1834-1849. A 
median date of 1841 was placed on it to facilitate searches through the 
database. Chinese paktong was being superseded by German silver from the 
1830’s onwards. As evidenced by other Pace instruments the direct method of 
brass was the main type of brass available, even though there is some 
evidence that cementation brass still lingered on in some areas. The use of 
Chinese paktong could also suggest an early date prior to 1830. However there 
are historical records to show that Charles Pace was at 49 King Street from 
1834 (see Appendix C8, 326).
The only reasonable interpretation to draw from the results is that parts of 
instruments were being recycled. This is also true of later Pace instruments 
when the workshop was being wound down and any serviceable bits of scrap 
were being re-used.
13.5 Summary
This chapter emphasises the need for a consistent curatorial and conservation 
policy, and approach, to assess problems with surviving collections like the
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Horniman Museum. It highlights amongst other things, the importance of 
solders and replacement parts to the understanding of the history of an 
instrument and how much could be ‘lost’ in restoration. The interdisciplinary 
nature of this study reinforces the comprehensive methodological approach 
taken and shows how general trends can be identified.
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In the late 1980s a horn by William Bull (14.5.47/307), dated to 1699, was to be 
sent by the Horniman Museum to a musical instrument restorer. The horn was 
to be taken apart to try and understand the reason for the insertion of two 
collars into the back bow of the instrument. The author became involved: 
significant curatorial and conservation policy questions arose out of the incident. 
The answer to specific crucial questions could be assisted by non-destructive 
examination of the compositional analysis of the primary material without the 
need to dismantle the instrument. On investigation it became evident that at that 
time very little work on compositional analysis had been carried out on historic 
‘brass’ musical instruments. This research developed the methodology needed 
to investigate the extent to which non-destructive XRF could be useful in the 
curatorial and conservation care of musical instruments.
Little progress could be made towards this end without a systematic technical 
study of a specific set of musical instruments, based on an in-depth knowledge 
of their makers over a known period of time and cultural context. This 
multidisciplinary approach had not been attempted before. The study covers a 
period of time from 1651 (the earliest surviving dated instrument in Britain) to 
1858, (when the last instrument by Charles Pace and Son could have been 
made) and to Charles Pace’s death in 1867.
This study presents the non-destructive examination of seventy-seven ‘brass’ 
wind musical instruments, made by ten different makers including three from the 
same family, and nine ‘sacrificial’ instruments. This approach was designed to 
test the viability of the semi-quantitative XRF results, and the examination by 
EPMA of the ‘sacrificial’ instruments.
This research has assembled a set of commercial brass samples to use as the 
internal standards or the common denominators between different XRF facilities 
used in this study. They were selected for continued use for inter-laboratory
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comparison. They have been assayed by EPMA at the EMMG, and are suitable 
as a new set of brass standards for researchers.
The results give new information on approximate alloy compositions by selected 
makers in England principally based in London. The XRF results are semi- 
quantitative in themselves but there are greater uncertainties introduced by the 
geometry of the musical instruments. This aspect was investigated and as 
expected the results are good for flat parts of an instrument such as the bells, 
but on curved areas such as the tubes, the results for zinc in the 30% range are 
probably low and caution must be applied in order to not over-interpret data at 
this threshold of curvature.
Additional information and an alternative perspective can be gained from XRF. 
The study has shown that the method can provide semi-quantitative results of 
sufficient quality to indicate changes in metal technology. Non-destructive XRF 
can be used to differentiate between the two methods of fabricating brass. 
Patches, repairs and alterations made of later direct method brass are 
recognizable from brass made by the cementation method.
It has been possible to arrange the XRF results into a chronology of alloy 
selections particularly reflecting the change from the use of cementation brass 
to the direct method for making brass. By this means it is possible to 
theoretically correlate an approximate date with the metal composition of a 
musical instrument of unknown maker and date.
As a result of this study, all the eight surviving inscribed and dated early musical 
instruments in Britain have been analysed with non-destructive XRF. Since 
questions might be asked such as, “how can such limited analyses on eight 
instruments aid the musicologist and conservator in unravelling the sequence of 
events and interventions to an instrument?” and “where few musical instruments 
survive, can the information be placed in any coherent context?” One must 
assume that these instruments must be special. Their survival alone represents
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a significant bias in the methodological approach. The new, and unexpected, 
information gained from this study that a ternary alloy of copper/tin/zinc was 
used for making these early trumpets, could suggest that an English tradition 
existed for using this material, only superseded in the eighteenth-century by the 
influx of German makers, bringing with them the tradition of making instruments 
in brass.
Other questions were posed on the dating and attribution of interventions to an 
instrument, such as the two collars to the William Bull horn already mentioned. 
Who made the additional technological changes? Has the instrument been 
taken apart and reassembled with any new parts? Did the maker have a choice 
in the selection of the metal he used? Was the original maker attempting to 
achieve a certain sound by means of the selection of the metal alloy? These are 
all important questions, answers can be obtained for individual instruments, but 
it is more difficult to generalise or view historical or international trends.
As part of this research, an attempt was also made to investigate the history 
and life cycles of instruments to see if it was possible to identify by whom and 
when certain changes had been made. These are aspects which the curator 
and conservator together have to investigate. For example it is recorded at the 
Royal College of Music that Harper Sr (the trumpet player) altered trumpets, 
such as inserting a slide system into the John Harris natural trumpet (RCM189). 
Reassembled instruments could be assessed visually by an expert in trumpet 
making and history.
The specific selection of a metal alloy by a maker has been addressed as part 
of this study in the form of XRF data and historical research. The results gained 
by XRF do not support the argument that makers made certain instruments only 
out of certain alloys. Winkings in the eighteenth-century made horns out of 
brass or copper and Charles Pace in the nineteenth was using different 
materials for trumpets. Historically the only instruments that appear to have 
always been made of copper were bugles. Webb (1993) suggests this too is an
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English tradition. The XRF therefore does support the argument that the 
selection of metal was due to other factors, such as the workability of the metal 
and rather conservative and repetitive use of familiar alloy compositions.
For the seventeenth century it could be suggested that due to economic factors 
the makers might not have had much choice in the material that was available. 
However the XRF data indicates that, even when the economy had improved 
and the production of brass in England had been reinstated, John Harris 
(ca1672 -1732) was still making trumpets of a copper/tin/zinc alloy. This 
suggests a continued tradition of using copper/tin/zinc alloy. In the eighteenth 
century the XRF data shows that sometimes makers such as Winkings and 
Hofmaster had very good ‘clean’ metals but at other times they were limited to 
lower grade alloys. This again could reflect what was available. William Bull in 
1700 through the Talbot papers echoes this sentiment ‘ best metal bastard 
brass mix’d solid brass worse silver worst copper springy’. Even today Andrew 
Taylor musical instrument maker records that sometimes he gets sheet metal 
which is not up to standard, which is only apparent once he starts working with 
it (see Appendix B1 275).
The XRF data also highlighted other relevant aspects such as the recycling of 
component parts such as key plates to bugles made from cementation brass 
and the introduction of nickel brass. The differing compositions of nickel brass 
can be used as a rough chronological indicator. XRF can identify the earlier 
original alloy called Chinese paktong from the succeeding German silver. In the 
modern musical instrument world both are usually called by the generic term of 
‘German silver’. However the data also highlights the problems associated with 
re-cycled material. Although in themselves excellent dating material early 
examples could be salvaged and used on much later instruments.
An attempt has been made to clarify the terminology in use for ‘brass’ and 
‘bronze’ during this period as well as trying to produce a term for mix of 
copper/tin/zinc. Although the author feels that the contemporary term ‘latten’
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might be more applicable to this metal, it might only be perpetuate the problems 
with terminology. Consequently, whilst understanding that the alloy was 
probably made by combining scrap bronze and brass and not as a direct 
combination of copper, tin and zinc, the use of the term ‘ternary alloy’ has been 
used throughout the study as a means of identifying the copper/tin/zinc alloys.
This research has investigated the possibilities of non-destructive examination 
utilising XRF. It has produced a new body of data on the primary materials of 
‘brass’ wind musical instruments. New areas opened up for future research 
include: the possibility of solders contributing to the chronology of repairs, the 
affect of the thickness of the metal employed on the sound, further experimental 
work with mixing alloys to see how the ternary alloy metal would have been 
made, selecting other instruments that pose curatorial problems to see how the 
methodology can be applied, such as the pair of horns made by Thomas Smith 
in the collections of the Museum of London (a maker difficult to identify in civil 
records and therefore date appropriately). It is proposed to continue with more 
detailed research into individual makers and their families.
Interviews with Crispian Steel-Perkins, a modern player and Andrew Taylor, a 
modern maker, coupled with research carried out by metallurgists investigating 
the relationship between material and acoustics are further indicators that 
perhaps the choice of metal does not make a difference (see for example: 
Interview with Crispian Steele-Perkins Appendix B2; Smith 1986; Hachenberg 
1992 and 1998). This research has laid the groundwork for future studies 
relating acoustics to material.
It is felt that more progress can be made in promoting an awareness of the 
usefulness of XRF and building on the database, now that a general framework 
and context exists demonstrating the value of non-destructive XRF 
compositional studies.
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TAYLOR INTERVIEW
“A Taylor Trumpet looks special, sounds special and feels speciaf’ (Taylor)
Background: Andrew (Andy) Taylor started his first job in London in 1974 as an apprentice 
Horn maker at Paxman’s brothers brass repairers and dealers, as well as makers. Both 
the master craftsman Robert Paxman and a renowned designer Richard Merewether 
mentored him. After 15 years he left to pursue an independent career and set up his own 
company ‘Bellman Brass’, based in his workshop at Norwich. At first he made specialised 
components for the musical instrument trade in particular the bells, however, since 1993 he 
has also developed his own range of instruments. In 1992 he was commissioned by the 
Homiman Museum to reproduce a traditional Horn (M46-1992), accompanied by video of 
the reconstruction, for the new Music Gallery.
Interview 1997 -  Bellman Brass Workshop, Norwich 
The Workshop
The Bellman Brass is based in a modern unit of light industrial buildings on the outskirt of 
Norwich. It consists of a large square space approx. 12m x 13m divided by partitions into 3 
areas.
The ‘reception’ area is a small rectangular space with desk, chairs and a glass fronted 
showcase along the length of one wall, exhibiting a wide range of brass trumpets.
A double door leads into the remaining space, which has been semi-partitioned off on the 
right hand side to form an office and store room.
The rest of the space comprises the workshop. The space is divided according to function. 
Central benches for forming the shapes, soldering, brazing, with store cupboards down one 
side, holding moulds and tools. Supplies of sheet and tube metal are stacked around the 
room and under the benches. At the far end is the ‘dirty ‘ work, the lathe and the polishing 
areas with shelves and cupboards to hold the spare parts, polishing mats, polishing 
compounds etc.
Andy Taylor on the selection of brass metal
[entries in italics are for clarification only]
Q. Do you know what alloy you are looking for, or do you just go by the feel of the metal?
A. No I like to buy the best quality brass. I can probably buy cheaper but I don’t trust it. If 
you look at cheap imports from the third world, you can tell just by looking at it. You 
can see the pit marks all round the material. It’s probably been recycled. I insist on 
virgin all the time I won’t use second grade stuff.
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Q. My analysis [by XRF] shows that it is a good clean brass, so this seems to confirm that 
you are getting a good brass from your supplier.
A. (pulls out catalogues). This is where the alloys come from, they are called Smiths.
They have depots all over the country, but head office is in Biggleswade. These are by 
far the biggest suppliers in the country.
Q. Do you get yours from the London depot?
A. No from a local one, but it’s all on computer. Biggleswade is their biggest central depot 
where they keep most of their stock.
Q. Have you any idea where they get their brass?
A. A company called Delta Rolling Mills, Delta and Smiths is like that! One is the other. 
Delta is a big rolling mills, but not everything that comes from Smiths, comes from 
Delta. If they’re making sheets that are not common sizes or they don’t need too much 
of it, rather than set the mills up for big production runs, they import. They will tell you it 
all comes from here, but it doesn’t some of it has to be imported. I can tell when the 
boxes come with the sheets in; they’re a different colour before you start. You can tell it 
comes from a different mill because it’s got like grain marking on it. So you know 
you’ve got different stuff. I swear sometimes that it’s harder than others are. You can 
tell when you start working it because you’re working by hand, sometimes its just like 
cheese, just great, no problem, other times it goes round and boy-iing it bends back 
again. So it’s probably not got quite as much cadmium in it as other times.
Q. So they’re not very strict about keeping their alloys within these references. Do you 
send it back when you get a sheet like that and say this is not good enough?
A. Very occasionally. The catalogue gives you the compositions.
[CZ106 Smiths Catalogue “Deep Drawing Brass 70/30: Cu 68.5/71.5%, Pb 0.05, Fe 
0.05, Rem. Zinc. EPMA analysis at IOA: 70.39% Cu, 30.29% Zn, 0.12 %Pb, 0.022 %
Fe, small amts Cd, Ni, Sn, Mn]
They do it for standard things too, but you see here on the catalogue the CZ numbers. 
That’s all the different alloy compositions. I use different ones for different jobs. The 
one I use a lot of is this one CZ106. That’s for bell work it’s very ductile you can make 
all fancy shapes and knock it around.
CZ126 is tubes. CZ108 is normal brass but I don’t use much of that. I might 
use it for patches or repair work, but I would not use it deliberately in one of my own 
instruments. Now that’s a bit of a give away!
[CZ126 Smiths catalogue Arsenical brass: Cu691%, Pb 0.07%, Fe 0.06, As 0.02, rem. 
Zn. EPMA analysis at IOA: 70.13% Cu, 31.31 % Zn [no As in any of scans]
Q. So the horn you made for the Museum you would have used the CZ106? [Webb- 
Halstead Bohemian horn M46-1992; See Volume 2. Figure F.81]
A. On the bell I would have used that. There is a reason for that it’s soft. It’s more 
malleable than regular brass. It’s called a spinning and drawing brass; because it 
stretches nicely it doesn’t split and crack open that easily. You keep doing that with a 
regular piece of metal and it cracks and you keep mending it. There’s extra cadmium in 
it, which makes all the difference. Same thing applies to silver as well; spinning silver 
has cadmium in i t .
IXRF of the horn bell (M46-1992): Cu 69.58% Zn 30.27% with few impurities, Fe 0.1%, 
As, Sn, Pb measured in less than 500ppm. No Cd. [On checking this info’ I’ve since
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been informed by Smiths Tech. Dept, that Cadmium used to be used but for safety it 
hasn’t been used recently. A. T.Jan 2000]
Q. What else do you use in the making?
A. Mouthpieces and the receiver for mouth pieces. I use machine brass the CZ121. 
fCZ 121 Smith’s catalogue: 'High speed spinning brass Cu 56.5/58.5% ,Pb 25/4.5 %, 
Rem. Zinc.]
We use Nickel silver for slide legs and ferrules, you know the tubes that connect two 
bits together.
[e.g.NS101 Smiths catalogue: ‘Nickel silver extruded rod’ Cu 44.0/47.0%, Pb 1.0/2.5%, 
Fe 0.4%, Ni 9.0/11.0%, Rem.Zn.]
Q. You didn’t use any of that on our horn.
A. No because old instruments didn’t have it. Its what they call German silver the 
brightness on the nickel silver an be from dull grey to very bright silver, the duller 
the silver colour, the less nickel content there is, the brighter the silver is when its 
polished the more nickel there is in the composition. It’s very tough, very springy 
but it solders beautifully and it’s strong. That does tend to vary between 20 and 
15% nickel content.
[Nickel Silver bought from Germany; EPMA analysis at IOA; 64.28% Cu, 22.97%
Zn, 13.83% Ni, some; Cd, Fe, S, Mn, Co, Pb, Bi.
Nickel silver from USA; EPMA analysis at IOA; cupronickel soldered to brass 
substrate; surface 66.49% Cu, 31.72% Ni; solder 88.36% Sn, 11.76%Pb, subtrate; 
63.98% Cu, 37.005%Zn]
The other thing we use is gilding metal I make bells in gilding metal as an 
alternative to brass.
[CZ101 -  Gilding metal]
Q. Is that because you’re looking for a redder colour?
A. No because I want a different tone.
Andrew Taylor on selection of metal for tonal qualities
Q. Who is asking for this tone, is it the player you are making it for saying I want a
particular tone or are you doing it because you think it sounds nice and you think 
people will buy it?
A. It’ an option you give them. It does give a darker thicker sound, a rounder warmer
tone. The trade off is that it doesn’t project as well into a room and can have a 
slightly stuffy feel when you are playing the instrument. So long as you are 
prepared to put up with that. It’s often call in the trade "red brass” because it’s got 
this coppery look.
We use copper as well, but coppers going a bit too far most of the time. We tend to 
use copper because it looks pretty rather than what it does acoustically. Copper 
sounds beautiful, but feels horrible to blow. The reasonable compromise between 
that kind of warmth in the tone and still being able to play it comfortable. CZ101 is 
90% copper but it comes in different grades from 80-85-90. I use the 90 one 
because its what I can get readily.
In the old days, I say old days, we’re talking after the war. Trombones in particular 
and French horns often had gilding metal bells but they were 80-85% and they 
weren’t really that red. More recently it’s gone away from the sort of half way thing.
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What happens is that when you get one of these older ones in for repair or for 
replacement. You have to say no because you can’t get the material anymore. Or 
if you can, you’ve got to search sort of the universe, trying to find a sheet of it or find 
someone who’s got some and then it gets expensive.
[CZ101 Smiths catalogue “Gilding metai' Cu 89-91%, Zn 5-15%, to give shades 
from red of copper to brassy yellow. EPMA analysis at IOA; 87.86% Cu, 10.075% 
Zn, some Fe, Ni, S, P, Bi]
Q. So the brass you select is for acoustics and also because it’s a nice play?
A. The CZ126 because its seamless tube it’s fairly hard; it cuts easily because it works
all right. It works well basically not for any great acoustical reason. The CZ106 
works well. I don’t suppose there’s any acoustical difference between CZ106 and 
CZ108. I can’t believe that .00001 % cadmium [his exaggeration] is going to make 
any difference as to how it sounds, but it does make a lot of difference as to how it 
works.
[CZ108 Smith catalogue: ‘Common brass sheet’ Cu 62/65%, Pb 0.3%, Fe0.2 %. 
Rem. Zinc]
Q. So really you are selecting brass because its easier to blow and work rather than
for any acoustical reason.
A. Yeah.
Q. I would like to find out how much the selection of the alloy and the metal is actually
to do with the acoustics.
A. Other things that are to do with the sound are obviously the shape of the bell makes
a big difference to the way it sounds and also what temper is left in it when its 
finished. Whether is left hard or whether you anneal it for a soft bell will both affect 
the sound. What gauge of material you use in the first place. The lightweight will 
tend to be ‘zingier’.
Q. What sort of gauge would you go for?
A. An average trumpet/trombone of an early type would start at 0.5 mm. If you want to
make it light weight perhaps 0.4 but going up to heavy weight could be 0.7 or 0.8 on 
tube thickness. Tube thicknesses are usually 0.5 mm, heavy walls are generally 
about .7 mm. Most of it is on the bell. For a heavy weight instrument I will put on 
heavier tubes or mouthpipes, tuning slide bows, other ‘bendy’ bits as well. When 
I’m getting really heafty stuff then I’ll double it and use 1.0 mm tubing.
Q. What sort of instruments is that on?
A. Special trumpets.
Q. Is this a request from a player?
A. No I do that on a standard job of mine, which is a monster weight trumpet, which is
designed to fill a special job. It’s a dark sounding jazz horn, it’s a jazz trumpet. Not 
in the lead player mould. The guy who does all the screechy bits, he’ll play on a 
light weight, but a block who plays in a small group, small bands, wine bars, late 
night sleaze jazz stuff, you want that thick mellow fat sound. Trumpets at close 
range tend to hit you here [indicates his forehead between the eyes] whereas 
these things are much mellower. They are almost like cornets in sound but they 
respond in the dynamic range of the trumpet, which means it makes a very 
expressive instrument for solo work.The trade off is that is that it is damn heavy.
So its horses for courses. If you build a lightweight instrument with thin walls and
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keep the metal hard, it zings and you get this being hit with a gun type sound -  very 
coarse.
Q. Talking about the sort of feel that they [the players] want and the sound; Brass
metal suppliers are just offering you a certain set of alloys with some options, but 
did you ever go to them and say give me an alloy with a bit more zinc in it or 
cadmium?
A. No if I want to change the sound of it I’m going to look at things like what can I do to
the brass. Do I make it thicker, or do I anneal it, do I work it as much in the first 
place, and do I need to change the actual bell shape itself? I mean what’s going to 
happen if I do change certain parts of the bell taper. I could sort of mess up the 
intonation of the instrument somehow, or mess up the tuning, or lose the projection 
into the room. On the other hand I could improve these things so I’ve got lots of 
other options to actually change sound.
Andrew Taylor On Who the market is ....
Q. So a brass band type player, people walking the street, they would go for a lighter
weight model?
A. They tend to stick to the middle ground because they don’t realise there’s much
choice.
Q. Are all your instruments one off or do people know you produce a range of
instruments?
A. Most of the instruments I make have a name attached to them, they’re made for
somebody. They will try out stock instruments that I have. If I know what they 
want and if they are coming I can pretty much guess what kind of instrument they’re 
going to want, so I’ll try and make sure I’ve got at least one of these here [at 
Bellman Brass] when they come to try it out.
Q. Do they always come here?
A. No I go to exhibitions. In this country [Britain] most people can get here. It’s not so
big and if they are really serious about it, they’ll come. They could be spending 
£2000 on a trumpet.
I do have agents and dealers for the more run of the mill stuff. I have got an agent 
in Scotland and he keeps a few up there.
In America of course it’s a rather different scene. America is so big. The main hub 
of brass playing is the New York area: New Jersey, Philadelphia, Atlantic City and 
all round Boston. The other side of the States and the middle is a heck of a long 
way from the tri-state area. So I try to have somebody [as an agent] who’s got one 
not too far away so that I can sort of say, he’s got one to at least see if you’re on the 
right track and then if you’re on the right track then we can take it from there over 
the ‘phone.
Q. Is that a market you’ve set up for yourself or did somebody offer to act
as agent for you?
A. No I had to think well America is where it happens, so I’ve got to go over 
there, fortunately enough the major brass trade shows are in America.
Q. Not here?
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A. The markets are in America. The British players are watching what’s happening on 
the American Jazz scene, so it’ a bit backwards. Fortunately most of the British 
session players know each other and all get to play with each other so you only 
need a couple of them to have them [my instruments] that that’s how I sell here.
Obviously I’m going to reach saturation point and anybody who’s any good and is a 
pro’ is going to have one. Then I’ve got to start hoping that enough players who are 
up and coming are watching these guys and say you know I want a sound like that.
Andrew Taylor on the durability of instruments
Q. How long do you expect one of your trumpets to last?
A. A normal instrument in normal hands which is like mister average semi pro keen
amateur type player will probably keep it five to ten years and he will probably look 
after it quite well and keep it serviced.
A regular instrument is about a £1000. These guys who earn a living at it are 
usually more animalistic with their instruments. One, the whole thing is tax 
deductible anyway against their income; it’s a professional tool! They don’t really 
care too much what it looks like as long as it works and delivers the goods and 
sounds right and they do tend to abuse them. They tend to be on the road a lot 
and it spends most of its time in the boot of a car or in a sweaty dressing room 
somewhere.
Q. Do you provide them with a case?
A No they provide their own case or I will sell them one. They [the
instruments] don’t come with a case and they [the players] do tend to 
neglect them somewhat. Then all of a sudden something falls off it and it’s 
the end of the world, but it’s their own fault because running repairs and 
services is something they don’t do. Some of these guys can wear them out in 
a couple of years. Literally they can knock the edge of an instrument as a 
pro’ in a couple of years and then its time for it to go down and they 
sell it on to a beginner.
Q. So they don’t come back to you saying can you repair this for me?
A. Sometimes they do if they’ve really got a love affair with that particular instrument but
invariably its only to trade this one in and buy another one. That type of thing comes 
down to tax relief really they only get tax relief on the first year and then 25% 
depreciation each following year for the next three or four years, so it pays them to 
change it every couple of years.
Q. So people do actually bring things back for you to repair, but are they own instruments
or other instruments?
A. They tend to bring other instruments. I do get my own ones back from people who have
given them a hard time, but most of my instruments probably have to lead a harder life 
than normal instruments do. They do tend to be going into pro’ hands so they have to 
work harder because they’re earning a living off them. I mean in someway it’s sad 
when I see these things because I built this thing to last and they’re just destroying it.
Q. As you know I’m looking into early makers of musical instruments and they were mainly
making for the military, which was a bit like your pros’ they were going into battle.
A. Well Boosey & Hawkes years and years ago made the Imperial range and this was at a
time when men were men and these were made to last. There’s still a lot of them
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floating around today and the old guys in their cloth caps look back at these as the good 
old days. Modern ones don’t last like they used too, but these things sounded a bit 
dead and that was for a purpose. In wartime they used to make field bugles in steel so 
that they could stand being dragged through the trenches and that. Try and give them 
a nice brass one, the first time it got hit by anything it would be useless so these things 
do change.
[Boosey & Hawkes Ltd 295, Regent St, London W1]
Q. You don’t get asked to do things for the military its all for the professional jazz field?
A. Most of my work is with jazz players I have sold to the classical straight players, but I
didn’t really design my instruments for them.
Q. Obviously the other [militaryJ is more mass production whereas you are in to more
specialised work.
A. Symphony players are looking for a different sound. When they’re playing in a
symphony orchestra they need a sound that is big and brash and bold that will cut 
through a 100 other guys playing in a symphony orchestra.
Trumpet players in large ensembles whether it’s a big band or orchestras have a bit of 
an attitude problem, as much as “we are going to be heard whether you like it or not 
look there’s hundreds of you down there playing the violin there’s only four of us up 
“blaaaah there’s a huge monster sound from the back and there’s the conductor going 
[waves arms down]. It doesn’t need to be like that its more a case you’ll find of its what 
brass players in orchestras do, it doesn’t matter what instrument it is. Its more we are 
going to be heard amongst everybody else. Makes the poor old flute player seem a bit 
shy and retiring by comparison. But when they get down to playing solo, recording, or 
playing in small groups, chamber orchestras, when the sound needs to change, you 
don’t need that blunderbuss approach. You need a bit more quality in the sound 
something ‘listenable’to rather than just sheer power and volume.
So I tend to be making for that side of the market rather than just sitting there making a 
lot of noise there’s plenty of choice in that.
Andrew Taylor on producing a modem brass instrument
Q. So as long as you’ve got a good brass which you can work with, all the rest is in the 
design?
A. Fortunately I’m in the position because I’m a bell maker, and that’s generally what I
specialise in. I can make these kinds of changes whereas another custom maker is 
pretty much stuck with what he can buy off the shelf as a spare part ready to put on an 
instrument. He will buy in all his bits, a bit like a meccano set.
Q. Are they all supplied by Boosey & Hawkes off a mass production line?
A. We do in the trades buy parts from places like Boosey and Yamaha. Germany 
has most of the actual parts manufacturers who make in numbers. A company 
called Wenzl Meinl make most of it.
Q. So they supply like a kit; all the bits to put together so a lesser craftsman wouldn’t have
to do anything except put it all together?
A. He can buy everything and put it together himself. The other place is Kanstal in
California. Kanstal makes whole instruments as well, but he does supply parts . He 
supplies a lot of parts especially to the America custom makers. I don’t think it’s 
particularly fair to call them custom makers. When they say they designed an
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instrument they look through the catalogue of parts and they decide to use a No.28396 
bell on a 73 mark 4 lead pipe, like a shopping list. Get it all there, put it together and 
see if it works.
Q. It could be all different brass alloys?
A. They haven’t got a clue all they’ve got is all these numbers and parts. When you put an
instrument together by hand you can have exactly the same parts as the factory made, 
but put it together by hand in your own workshop and the end result is a different 
playing instrument as opposed to a factory made one. Not vastly but noticeably so 
especially to the player that you’ve got a quality instrument and they [factories] market 
these things as better instruments. It isn’t really custom made at all.
On the trumpets I buy in valve block, but that’s the only part I buy in. Everything else on 
this instrument is made here. We make the slides up, the tubes, the bells, we even 
make up the finger rings. I don’t make the valves basically they’re an engineering job. 
If you look inside one of these things you see that’s engineering; stainless steel shaft, 
brass inside, its all got to line up and work like clockwork. It can be done, but it just 
makes life a lot easier to buy them in.
Q. So who do you get these from?
A. Various suppliers but my favourite ones are German.
Q. Do you buy those direct from Germany or supplied here?
A. I buy them direct from a company called Max Bauerfiend they only make valves.
[Max Bauerfiend, Alle Mainzer Str 16, D64569 Nauheim, tel:06152 6555. Fax 06512
63564 ventiisysteme fur den Metallbfainstrumenteba u e.g. 3391]
Andrew Taylor on maintenance of musical instruments
Q. What do you recommend?
A Fairy Liquid [proprietary brand washing up liquid produced by Proctor &
Gamble UK, Manufacturers of Soap and Detergents, Newcastle upon Tyne,
England]
A. Joints: Bath once a month in hot water and Fairy Liquid. Use a test tube brush to brush
the tubes out. Rinse in cold water. Clean and grease the slides with car axle grease. 
Or can buy a mixture from musical instrument shops 50/50 Vaseline and beeswax. 
There is also a proprietary valve oil called Blue Juice made by Roberts Engineering, 
Greer Scotland. If you have very tight valves for example when an instrument is new 
use thin oil, when they are older use thicker. Most musical instrument manufacturers 
supply their own oil. Bad housekeeping is the main reason instruments fall to bits!
End of Tape Recorder Interview. There then followed a walk around the workshop 
looking at:
Andrew Taylor on ‘finishing’ the instrument.
Jointing; He uses a spelter provided bv Boosev & Hawkes. “Not sure exactly what it is in
it -  it their secret! Its tricky to work, but the results are good, very arainv and lumpy but on
yellow brass virtually invisible”. He also used to use Smiths own spelter.
[Boosey & Hawkes spelter: EPMA analysis at IOA: 6.3% Ag, 64.9 % CU, 25.15 % Zn, some
Ni,Bi Ti,Sn]
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Silver solder he gets from a local supplier called Everark. He used this for soldering the rings 
onto plates and attaching brace components together.
[Everak Welding 01603 260605 solders supplied by SIFBRONZE Ud. Standard solder No. 39: 
composition 38 %Ag,3% Cu, 29 %Zn, 2% Sn]
Tubes to valves: Uses a low temperature soft solder fagain from Everarkl which because of its 
low temperature he can solder over silver and over spelter without a problem.
[Fry’s premium Solder Composition: 50 % Sn, 50 % Zn]
Each jointing medium has its own flux Spelter -  borax.
[Fry’s Powder Flow Composition 29 %Sn, 71 % Pb [Info' Fry's Technical Division, Nick Keating 
0181665 6666]
Silver solder -  Easiflow
[Easiflo Johnson MattheyPLC, 78 Hatton Garden, EC1 Tel: 020 7269 8000.]
Soft solder -  Bakers No.3 (a liquid)
[Bakers No.3, Fry's Metal Ltd., Menton Abbey, Christchurch Rd., SW19. Tel:020 8648 7020]
An old flux recipe is 3 parts glycerine and 1 part HCI. Mix together and leave to settle for a 
couple of days. Smells terrible. Then use.
Lacquering: Taylor uses a single oven pack from Premier Brass in Luton. He prefers the
double pack, hardener and resin, but runs into Health & Safety requirements 
[Premier Brass, Luton. Tel: 01582 484 140]
He uses the same lacquer on everything. Before lacquering he takes he valve 'innards’ out and 
modellers balloon put in. He puts corks in the slides and mouthpiece so that he does not get 
any lacquer on the inside of the tubes. Only goes into the inside of the bells.
To finish the bell rim: He uses brass wire 12-14 gauge. Some manufacturers do run solder 
around the rim to stop the leaking of the lacquer, but Andy doesn’t as he thinks it affects the 
sound.
[Smiths ‘half hard'brass wire ]
For polishing: Tripoli abrasive and Tripoli lustre abrasive (both very similar) supplied by 
Cannings, Lipperts Ltd of Birmingham, as a Canning polishing composition. There are different 
grades -some sticky, some dry. Personal as to what use.
[Cannings LippertLtd., Birmingham, Tel: 0121 224 4500]
A final finishing compound he gets from Everark is an intermediate hard white stuff and he gets 
a better shine with it. Also from Everark a brown polishing composition -  its dryer than the 
Tripoli, but not so messy.
He uses Jeweller’s Rouge before lacquering.
He uses cotton and calico mops on a mop wheel. At one time before lacquering he used to 
degrease with a heated solvent, but now he pressure cleans with a detergent. All lacquering 
work is subcontracted.
For forming the shape of the tubes: He uses pitch, fills the tubes and leaves to set, then bends 
around the formers to get the shape. When cold he can work the ‘wrinkles’ out. The pitch is 
then removed with a solvent usually trichloroethylene. Small tubes [in diameter] are easier to 
bend than larger ones, which are more difficult.
[A mixture of pitch and colophony resin was used on The Horniman Museum horn (M46-1992) 
obtained from Paxman (Musical Instruments) Ltd., 116 London Acre, London, WC2. Tel: 020 
7240 3642]
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He also used a synthetic lead which he boils up in water, called Serabend. Some repairers use 
it as can mix up small amounts. He prefers pitch. One mass of pitch will give him at least 15 
good bends, but pitch is so cheap he can afford to throw it away.
For forming the bells: Wood shape used for initial rough shaping (on bigger bells -  horn and 
bigger). Finished off on steel or aluminium for smooth result.
For spinning: Andv uses a metal cutting compound which he finds stays around long enough 
for him to do the job. Tallow as used in the past but this tends to keep spinning [wearing] off 
quickly.
Roco Ltd., R.T.D. Metal Cutting Compound 
End of Interview
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APPENDIX B2. INTERVIEW WITH CRISPIAN STEELE-PERKINS
Crispian Steel-Perkins (1944-) is considered to be one of the world’s leading players of the Baroque 
trumpet, and is unique in performing regularly upon genuine antique trumpets. His particular interest 
is to restore, play and record early trumpets in an authentic musical context and refers to himself as 
a musical archaeologist. He has played and recorded most of the early trumpets examined as part 
of this study.
The interview took place over two hours at Crispian Steele-Perkins’ (CSP) home, on the Author’s 
(LB) returning his instruments to him after analysis on 11 July 2001. The text has been edited and 
has been approved by Crispian Steele-Perkins 23 May 2003. Text in square brackets [ ] is purely for 
clarification of points raised.
Crispian Steele-Perkins on his instruments
The cornopean bv Charles Pace (CSP 3: Vol.2 Figure F.62)
CSP: I just wish I knew how to make that instrument play better. It is completely airtight so it
should play better than it does.
LB: John Webb says he calls this part the tear drop [tuning slide, see Vol. 2 Figure F.55) [John
Webb: maker of early instruments and collector]. Has yours been soldered in, so that it 
doesn’t move anymore?
CSP: No that tunes and actually removes. The only thing that is not original to that is this little bar
across there. That’s not original to it. It’s my replacement and it is only held there by 
superglue. It is just to prevent the thing getting damaged when its removed, but that 3rd 
valve lowers the pitch by a semitone more than most 3rd valves. It means you’ve got to 
finger it differently, but it does give you an extra semi-tone to its range, which is interesting.
LB: And that is unusual for a cornopean?
CSP: It is certainly of all the comets that I’ve got, and you see I’ve got a much earlier cornopean
by Kohler and that is conventional like a modem one. Some of them have the first valve 
lowering a semi-tone, the second one lowering by ten? That is very confusing.There’s very 
little difference between a cornopean and a trumpet. I can tell you.
2-valve trumpet (CSP2: Vol 2 Figure F.58)
LB: When you replaced the bell -  what did you make it of?
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CSP: That is an old bell.
LB: It is an old bell -  not one you made?
CSP: No. It may be an early Besson bell. It is definitely appropriate to it.
LB: I wish now that I had analysed the replacement. The original Pace bell was roughly 65:35 -
its not a modem standard 70:30 brass. I just wondered if you’d noticed any difference, but if 
its an old bell its probably a very similar alloy to the Pace one I should think.
CSP: It’s brighter than the Pace one would have been. That Pace one was so badly damaged
that I never really played it. It’s like the slide trumpet that I covered with super glue. I think I
might have tried doing that but it was so far gone and what’s more I was worried that the
whole instrument was on the point of disintegrating completely, which is why I persuaded 
Kneller Hall to actually sell it to me, because I could see it was going to be left in that very 
damp basement there and was going to completely disintegrate.
Slide trumpet. Charles Pace (CSP1: Vol 2 Figure F.47)
LB: The analysis for the slide trumpet shows that the bell on that is quite high in zinc, but again
you find it’s quite playable. There’s no problem.
CSP: It’s also you know the fact of the matter is that that instrument hasn’t fared well. The splits
occurred all over the instrument and I just ran super glue down the splits and found actually 
that is a beautiful instrument. I bought it from Parkers for £100.00 in a terrible state like the 
[Pace] 2 valve trumpet [CSP2], it was very, very tarnished, but it was complete which is why 
I was interested in it. So that’s what I put together, you see the bells disintegrated around 
there, but there’s no air pockets in that, that’s good and solid and what’s more I’ve soldered 
it on so that’s not going to move in a thousand years, so hopefully that will last me.
LB: So the super glue doesn’t affect it.
CSP: No, not at all - 1 mean people were horrified that I’d done that. But what do you do, just
throw it in the bin? Peter Barton said that there was absolutely nothing that could be done 
as there was so little metal on it, but if you heated it, it would disintegrate, and there’s 
nobody I trust more than Peter. I would trust Peter with my life. [Peter Barton, Musical 
Instrument restorer]
LB: Is he totally retired now?
CSP: Yes. His tools have gone to Nick Perry and William Spencer. I have recently bought a
trumpet from 1780 which was in a bit of a state. Spencer fixed it and you wouldn’t know it 
had been done. So it’s now playing whereas it was unplayable before, which is what I am 
about.
LB: This is what I find interesting all these repairs. For instance you’re a player you do repairs,
and there’s obviously repairers who just do repairs.
CSP: You’ve got to be very responsible about repairs.
LB: This has obviously been going on for centuries, which is one of the things I have been
trying to look at by using XRF. Looking at the analysis can we identify all these changes. 
And, if so, can I identify parts by period, like the white metal, it could be old, but it could be
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re-cycled stuff that’s just kept in the workshop. Items like the key plates, a lot of them are 
cementation brass, old bits of brass.
CSP: That’s very interesting.
LB: How would you make a key? On the bugles? Would you cut it or would you cast it?
CSP: I would cut it myself, and I don’t do silver soldering, I do all soft soldering.
LB: And they are all so beautifully put together.
CSP: Yes lovingly put together, well craftsmanship, we’ve been talking about craftsmanship. The
closer to modem times, the less craftsmanship you have.
LB: Sometimes you see a lot of brazing up the seams, and that doesn’t affect the way you play
the fact that there’s all these blobs of brazing or blobs of solder.
CSP: I don’t think it matters no, it’s always done over the mandrel and so you get the shape of the
mandrel and if that’s right. Most of the changes were probably done for playing reasons, 
Harris [John Harris ca 1672-1731] obviously made his bells smaller, because it seems to be 
the requirement possibly as pitch got sharper. I think we do tend to lose sight of the fact 
that pitch went on and on up. When Bull was around it was still right down at old French 
pitch in London theatres.
LB: So was it just that up and coming composers wanted to change the pitch.
CSP: I don’t think it was anything to do with composers. I think it just happened, it’s just the pitch.
Things got shorter and shorter, probably to brighten the sound. There’s always been this 
obsession with bright sound, which is why I feel when you’re doing Purcell’s period [Purcell 
ca1669-1695] and Jeremiah Clarke [ca1743-1809] and people like this that actually you’ve 
got to try and un-think that bright strident noise. You’ve got to go back. You’ve got to 
remember the pitch was low, string players used very thick strings, in order to resonate, 
otherwise they just couldn’t keep the tension there, so the actual string sound must have 
been very sort of dark.
Crispian Steele-Perkins on sound and technology
LB: How do you know an instrument is in tune -  what makes it in tune? I had a conversation
with the Secretary of the Crystal Palace Band because they’ve got a new suite of 
instruments from Boosey & Hawkes. She said that they had to send things back because 
they weren’t in tune but couldn’t say why.
CSP: What I don’t understand about Boosey & Hawkes is that I’ve got Besson instruments that
are 150-140 years old that play perfectly in tune. I’ve got a Kohler comet made in 1838 its
perfectly in tune, and as these boys [Crystal Palace Band ] have pointed out. They’re not 
made by players you’ve been to that factory, they certainly don’t play the instruments, they 
don’t know what they’re making. Whereas if you go to Yamaha’s they all can test out the 
instrument as they go along.
LB: So what makes it in tune?
CSP: Say a rear bow, you put two pieces of metal together, if that is cupped over and not opened
out properly and a lot of French instruments are made rapidly like that and they go out of 
tune. It’s got to go exactly in there, it’s got to fit exactly.
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LB: Its got to be smooth.
CSP: You don’t want too much interruption. By and large the bell shape will affect very largely,
not only the characteristic of the instrument, but how well in tune it plays. And as you know 
I play a Beale bell which, I’ve adapted, it should go on for about another two inches. So its 
now much more like Kohler had, and for me I play that -  for a lot of the guys they say ‘oh 
can’t play it in tune’ and they find it too much like hard work. It’s a personal thing.
LB: When you play will you play brass?
CSP: Yes.
LB: Do you feel any difference? As you know there’s a discussion that the actual alloy
composition makes a difference to the way the instrument plays.
CSP: Yes.
LB: You’re a player and there’s the other argument that the player makes all the difference and
that if you are a good player you make anything play.
CSP: Yes [very firmly!]. You will find that seven players will have seven different opinions. In my
opinion an instrument made of silver, especially the bell, the bell is the critical part of the 
instrument. The resonance and one cast in real silver resonates very sweetly. I always like 
instruments with silver. Interestingly you know I play on copies of the Beale [X78; Vol.2 
Figure F.8], A friend of mine in America had a copy of the bell cast in real silver by Dave 
Edwards. He does it by a process called electroplating. You plate over a mandrel and 
remove it, and he did one in silver, and I blew that this April and it’s terrific. It just does 
resonate better.
LB: I Is it only the bell that makes a difference? The actual tubing, the fact that you covered this
tubing over it obviously did not make much difference to the way you blew down it.
CSP: People will tell you it does. I didn’t find it does.
LB: Other people will argue that the surface is disrupted on the inside so the airflow...
CSP: I don’t!
LB: You just don’t find it makes any difference at all.
CSP: All I can say with absolute certainty that all rules are always broken, I mean people do
make rules about these things. Its like mouthpieces nowadays they say it should go in and 
there should be no step. I actually find that you’ve got a mouthpiece with at least one step 
into the lead pipe if not two or even three, like crooks in the old trumpets where they used to 
put those little bits in. I find that they actually enhance the way the instrument plays 
considerably. An instrument with two tuning crooks in it will separate them better and
people will say that’s a load of baloney, I find it to be true and I have always played on a
modem instrument. I have played on a modem instrument with a comet mouthpiece which 
is trumpet in shape but its slightly narrower throat you know with a step, with a bit, and then 
into the lead pipe with another step and I find that helps me at the top register no end 
everything just slots nicely in. And yet you talk to some of the, you know, fancy designers 
nowadays and they will tell you its all wrong.
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Whilst I’m saying that. I went over with Royal Phil to New York, or London Symphony, 1981 
I think it was, and I was choosing myself a new standard orchestral instrument. I went to a 
place called Mannys, which was a big store, since closed down. I tried exactly the same 
instrument, six of them, consecutive serial numbers, they were all meant to be exactly the 
same, medium, large bore, same bell. As far as I was concerned none of them felt as if they 
were made by the same maker even. Some were stuffy, some were out of tune, some were 
very free. One was very well in tune and they were all completely variable, and in those 
days they were meant to be all hand made. So, you know, its like mouthpieces , they say 
they are all cast the same now, they’ll all be the same. It’s not true.
LB: I was interested in what you said about stuffy, because other people have mentioned to me
that playing a mainly copper trumpet feels stuffy compared to brass. [Andrew Taylor 
Interview Appendix B1]
CSP: Certainly, yes, I also play a modem style baroque trumpet with vent holes. I always liked
the copper bell because actually its not “bright”, I thoroughly dislike the shrieking sound that 
most players produce, that’s the sound the Germans used to make in the eighteenth 
century. The sound the Germans used to make in the eighteenth century. It’s significant 
that with all the entourage that came over with George 1 and George II, particularly George 
II, because he didn’t speak English. He surrounded himself with courtiers and all the 
German troops that came over, but not one trumpet player. There was a very fine school of 
playing in Germany, but its obvious to me that they made as completely utterly different 
sound that wouldn’t fit in with the English, that wouldn’t fit at all. You get French players, 
you get a lot of players from the low countries a Harry Davant (Heinrich Devant) came over 
a century earlier in 1680 and was employed at the Opera House in London until I think 
1716.
LB: So somebody like John Grano [ca1692-ca1748] who was trumpeter for Handel, what sort of
instrument would he have played.
CSP: He would have played the English instrument without any doubt.
LB: Would that have been silver trumpet or brass or copper?
CSP: Certainly when he was a member of the troupe.
LB: It would have been silver?
CSP: They were all kept in the Tower of London whether he used his own mouthpieces, is
debateable, one doesn’t know. I would suspect he did, but then he would have had his 
own instrument which would probably have been made much lighter and that would have 
been in what we now call red brass, very coppery brass, probably 97-98% copper.
LB: That of course is the maddening thing about his diary [Grano 1998]. He never mentions
what his instrument looks like. He just talks about sending home for his trumpet. A small
boy was always dispatched.
CSP: Yes, a very strange thing isn’t it? I observed that, and then somebody lends him [a trumpet]
for his concert, to which nobody turns up to
LB: And he borrows a fine trumpet of William Bull.
CSP: Of old Bulls making. Which shows that they revered Bull very much.
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LB: When you played the William Bull trumpet at the M.O.L how did that feel to play?
CSP: Wonderful.
LB: That didn’t feel stuffy
CSP: Not a bit, you see I love that slightly dark texture and it seems to fit English music
particularly Purcell. I play a lot of Purcell with Robert King’s Group and ten days ago my 
instrument disintegrated, did I tell you? The instrument I had played on for years, I knew 
David Edwards who kindly gave me one which hadn’t worked and I adapted it. I had to put 
a different bell ending on it, but that seemed to make it match up with the modem players 
better. Most of the length of the bell, which is as I recall it, the important part is made of 
copper, was pocked marked with air, it had little air pockets and he said this won’t last for 
ever. Actually it gave out as I say about 10 days ago. So I made another instrument using 
a Hawkes bell from the 1890s which is fine -  fits much better with the modem players.
This week I’m playing some Purcell with Robert King’s Group, and when I got to practising 
it, it was not the sound that I wanted. I phoned David and he actually, curiously enough had 
another bell, similar to the previous one, but damaged at the end so that he couldn’t use it. I 
simply re-made exactly what I had before and a couple of days ago I finished it, and its 
great. It’s exactly the sound, the tuning and everything that I want. Above all there is the 
slightly darker sound of copper which is not strident.
The trouble is that so many young players they play the modem instrument a lot and they 
do big bands and that and the sort of sizzling noise that is made on all modem brass 
instruments, blowing against the instrument and it doesn’t go, in my opinion its wrong for 
baroque music. I am almost in a minority of one saying that but you know people can tell 
the difference. When you get a chance to listen to that CD, you will hear that it is not at all 
what you would expect and it’s, of course, much more vocal which is to make the 
instrument fit in with everything, not stand out. That’s where the twentieth century design 
altered this was to make you know instruments that would single handily dominate a 
hundred piece orchestra.
LB: This is what Andrew Taylor says [Appendix B1]. I don’t know if you know Andrew Taylor,
he’s a maker in Norwich?
CSP: I have heard of him.
LB: He’s a bell maker really, that’s his speciality and I interviewed him, and he was saying the
same thing. He was trying to use two different alloys because he felt one of the metal 
sheets he was getting was giving him a much softer, richer sound. As you were saying a 
darker sound. He was saying that he makes trumpets for players and all they want to do is 
to be heard above the violins and the strings, and they just screech it, so that it hits you 
between the eyes, and then the much more mellow...............
CSP: Yes you know I did thirty years of that -  certainly fifteen years in Symphony playing London
Symphony and Royal Phil, and I just found it very wearing and I don’t think it’s a pleasing 
sound and it is certainly not appropriate to Baroque music. I bought two trumpets from 
Parkers made by Keat and I began to try and use them in the simple stuff like Mozart and 
Haydn symphonies and I thought hang on, this does go like that, you know, the instrument. 
That’s why I say I am a musical archaeologist. I want the instrument to dictate to me you 
know. I want the instrument to tell me not somebody with a lot of preconceptions on the 
front and I regard myself entirely as a guinea pig.The bell is absolutely critical. That’s the 
important bit.
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LB: Things like the William Bull trumpet they say he was one of the best makers of trumpets in
Restoration London or whatever, what makes it so good.
CSP: I think the thing is these guys were players as well, Harris, Beale they were all trumpet
players. They were just well, in tune very easy to play in tune.
LB: I am interested because so few survive from that period, is he wonderful and marvellous
just because it survived?
CSP: You know he clearly was outstanding. There are three Bulls surviving and they all play well.
LB: Have you played them all.
CSP: All of them.
LB: So you’ve played the two silver ones, [Warwick Museum and the Ashmolean Museum].
That’s the other thing I wanted to ask you about. The William Bull in the Museum of London 
[A23580; Vol 2 Figure F.9] is actually bronze.
CSP: Yes it is, or it’s very coppery anyway.
LB: It is a bronze, its copper and tin because I’ve analysed that one.
CSP: It really does play beautifully. It’s on that CD you’ve got. [The English Trumpet, Crispian
Steele-Perkins plays Purcell, Clarke and Handel] Its got a very distinctive sound. Any item 
to do with Clarke, Shore and all that set is on the William Bull trumpet.
LB: So as far as the metal alloys are concerned it doesn’t really affect you, apart from silver
which you said did feel different.
CSP: You see a lot of people say its very thick and sounds less good. The German makers and
makers like Frank Tomes make in very thin metal. I must say Frank’s instruments play 
beautifully. I think he makes very good instruments. It’s well worth you discussing it with 
him. [Frank Tomes, maker and collector]. I find that I rather like a heavy instalment. It 
makes it uncomfortable to carry, but I find it achieves that velvety quality that I’m seeking, 
whereas I don’t like the very bright sound.
[Conversation with Frank Tomes 24 March 2003: “A thick bell has a low register, a thin bell 
a higher response. I use the thinnest metal I can buy which as is about 3 gauge for 
reproducing the German style Nuremberg trumpets that I make"]
LB: Can I ask you what makes a bad trumpet?
CSP: There are so many bad ones.
LB: What don’t you like about a trumpet? Rather than say what’s good about it, what don’t you
like about it -  or any instrument?
CSP: Well just a bit out of tune -  for example the two Harris’s at Bristol are appalling trumpets -
really dreadful. The other thing is that they always say, out of interest, that Kdhler in the 
nineteenth Century imitated Harris’s instruments. I’ve measured them and the bell isn’t at all 
like a Harris, it’s like a Bull trumpet.
LB: John Harris took over from William Bull.
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CSP: Yes he was his son-in-law. And Bull appears to have taken over from Beale, when Beale
drowned.
LB: Well that’s one of the stories that I’ve read that its surmised he drowned. There is the
Beale trumpet at the Bate that is supposed to be from the shipwreck [X78; Vol.2 Figure 
F.8].
CSP: That’s the only Beale instrument that appears to survive. It’s possible that if we took the
bell guard off the Queens College trumpet in Oxford that there’s something underneath that. 
That could be the oldest trumpet. The oldest trumpet I know is 1651, which is by Dudley, 
which is missing its pommel [ball]. It was that mouthpiece that that I used to make that 
record. There are two Dudleys, both in the Museum of London [Vol. 2 Figures F.5 and F.7], 
and then there is the Oxford Queens College trumpet, which everybody said was 
unplayable. The joints were loose. I simply tightened the joints just by turning them round 
and it plays beautifully. It’s rubbish that it doesn’t play. It plays fine.
LB: This is always the question about Beale and William Bull, all of them, where did they
actually leam to make musical instruments. Maurice Bryne didn’t find that information and 
I’ve done a lot of digging around as well,. They were all bom and apprenticed during the 
Commonwealth period, records are just so bad.
CSP: Yes, that’s right, yes, but it does appear to me that Bull follows on almost directly from
Beale.
LB: You do wonder was he apprenticed to Beale.
CSP: The other thing is that Beale was obviously quite a well-known character. He was obviously
a bit of a lad! His portrait looks it and Pepys mentions him at least once.
LB: He was a survivor too. He got through the Commonwealth, he got through the restoration,
knew all the right people obviously
LB: You’ve played our hom our William Bull hom, haven’t you? [14.5.47/307;Vol. 2 Figure F.10]
CSP: I have blown it, but I’m not really a hom player, but what interested me very much about
that instrument, because what’s that 1690 or something?
LB: 1699.
CSP: Because don’t forget the hom wasn’t written for in a musical context until Handel’s water
music. That’s the very first piece in England that we’ve discovered in which the hom was 
used in a musical context.
LB: So they were only used as hunting horns.
CSP: Yes, very interesting.
LB: So the collars, if you remember our hom has got two collars on it which extended the back
bow to the bell. Which has been suggested was to change it to “F” for the more modem 
orchestra, so would Handel have been in “F”?
CSP: F and D both
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LB: I thought this might give an idea when this change to the hom was made. I have analysed
all the different parts of it and its all good high copper, could easily be from that period.
CSP: Yes, very interesting made for the Royal buckhounds I think was the expression.
LB: Nicholas Winkings is the other....
CSP: Yes, a very interesting maker, that Winkings trumpet [ 3282; Vol 2 Figure F.20], you see I
remember that used to be in the Warwick Collection, and everybody said it doesn’t play. I
simply tightened the sleeves, its all loose fitted. Arnold has it now. [Arnold Myers Curator of 
EUCHMI]
LB: Our Winkings is a hom, a ll (M39-1983;Vol 2 Figure F.21]
CSP: Yes the curly wuriy one. Arnold has a proper trumpet like that, Winkings, which was at
Warwick. It may be on private loan. Its quite late, I mean its 1760, quite late, but I’ve 
always been interested and its good.
CSP: The other very significant thing, Louise, that I should point out. I told you that no trumpet
players came from Germany, but a lot of makers did, Rodenbostel, Hofmaster, Kohler? 
There’s three straight off that I can think of. Came over with the regimental bands, so the 
German way of making things came over, but they had to adapt to making them in the 
English style. The first German player to have worked in London, I think was Gottman 
Schmidt, Johan Gottman Schmidt, and he came via Dublin and I don’t think he played in the 
King’s Theatre until about 1840. They said he made a ferocious sound, in other words he 
played with that rather shallow mouthpiece that the German players use.
LB: So the mouthpiece is very important to you.
CSP: Oh absolutely, the mouthpiece is the most critical thing, I think you know, the Younger
Harper [1816-1898] puts it absolutely right, he said with a good mouthpiece even a poor 
instrument can be made to sound well, but with a poor mouthpiece the best of instruments 
will not play. And he is right. The mouthpiece is absolutely critical. Any length of tubing is 
simply amplified by what you put in, that’s why I teach my students to buzz on the 
mouthpiece endlessly and you know to do that first thing in the morning, just, even if its for 
20 seconds.
LB: What is it about a mouthpiece? Do different players have.....
CSP: Yes. You’ve got different dental set up, thickness of lip.
LB: So what do you look for in your mouthpiece?
CSP: I just want good tuning. I want to get a nice sound, but the most critical thing is that you
can blow the instrument in tune and on my Baroque instruments and slide trumpet, I 
actually use a mouthpiece by Keat. I’m not quite sure when its from, it sort of fairly latish 
19th Century, but it does seem to play anything in tune including the keyed bugle. [Keat 
family of musical instrument makers ca. 1795-1950] I also have a very large, very large 
Harper, early Harper type mouthpiece. It might even be by Clementi.
LB: Yes, some of them are enormous.
CSP: And it plays very well.
LB: And very heavy.
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CSP: Very heavy indeed and its daunting for a trumpet player, but I felt I’ve got to play it, because
that’s what they played on, if I’m going to do the experimentation and answer questions 
from people like you.
LB: Why did they prefer that then, because obviously there were other types of mouthpiece
around, or was that the only thing you could get?
CSP: Its very interesting, I’ve got two that look enormous, one has a tiny shallow little
mouthpiece, like the Bull in the Ashmolean Collection, with a fairly small aperture, 
unplayable in my view, very, very, thick rim, but the one that’s in Warwick is a beautiful 
mouthpiece that’s a much better, or it suits me. Don’t forget there were a lot of Negro 
players [Hore 1728, 321]. There were more black musicians working in the London 
theatres in the 1730’s than there are now. I have identified at least six black trumpet 
players from that period you know. People like William Douglas who is regarded as the best 
player in the 1730’s.
By and large what one does is you find a mouthpiece that’s comfortable and you find an 
instrument that does most of the things you want and if you are sensible you just leam to 
play that instrument and deal with its little quirks.
LB: The mouthpiece actually at the rim is so different, I mean there are some Winkings
mouthpieces, early ones, which are literally just like a little cup.
CSP: Yes that’s right, they’re for the horns.
LB: Whereas these seem to have a little step inside, before you go down rather than blowing
straight in does this make a difference? [CSP’s mouthpieces on table]
CSP: Yes, and a flat rim will make a difference especially when playing a proper old instrument.
When using the modem imitation Baroque trumpet (which have unauthentic venting holes) 
we use a virtually modem mouthpiece. But for example when recording Bach’s Magnificat 
for Hichox we played the opening movement through eleven times complete. Reiche 
[Gottfried Reiche 1667-1734] who played for Bach couldn’t possibly have done it, you know, 
to play every note in that movement without a mistake, eleven consecutive times, it’s a very 
tiring movement anyway, so you know, we’re working in artificial circumstances, and we 
need artificial means to help us.
What I do think is wrong is when people pretend that that is the authentic experience which 
it isn’t, but what you’ve got, the CD I gave you, is, ok, You’ve had a couple of runs at it to 
make sure that any notes that are hideously out of tune aren’t, don’t make you wince, but 
what you have got on that album, you’ve got a William Bull trumpet played on its own 
mouthpiece, or a mouthpiece exactly contemporary, so it gives you a good idea of what one 
player sounds like. Its going to sound like me, because like a person’s voice, you have 
your natural inflections, so anybody who knows me, will know that’s me playing it, but to a 
certain extent you also have the voice of 300 years ago, because you have an instrument 
played on the real gear. Who knows what John Shore sounded like, may be he sounded 
like me, may be he sounded nothing like me.
LB: Whereas William Bell would have been just a fanfare trumpeter?
CSP: He was just a military player. I think probably ... he may well have played in the theatres, 
but you see, things like Shakespeare is always calling for the stage trumpets to play a little 
but that sort of work I think was employed.
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I think people like the Shore’s were unusual because he, John Shore [ca1662-1752], was 
fanatically keen on music He played the lute and goodness knows what else. He played 
and wrote pieces and knew how to repair all the instruments. I mean he was nuts about 
music and what was great about him is that he was able to take what had previously not 
been a very musical instrument in England, a piece of military hardware and delivered 
artistic goods on it. I think he is the most interesting man, most interesting man.
LB: William Bull was obviously having to earn a living so he was actually making other things
besides trumpets.
CSP: Yes sure drums, snuff boxes, hearing aids.
LB: I wondered just how many instruments he was actually making towards the end.
CSP: Its fascinating to wonder actually whether he made 20 instruments or 200 or 2000.
LB: Or any of them!
CSP: Well, yes, or his apprentices made them.
LB: He’s doing a lot of repairs for the Tower and he obviously has, as Bryne says, some sort of
responsible role, taking in instruments and giving them out, because they’ve of silver.
CSP: Yes, and so did the Shore’s because they were the Sergeant trumpeters. So whether they
actually did the repairs but they would sign a receipt for the taking of them, because it was 
an expensive item -  silver. They used to polish them, you probably know this, but I mention 
it in case you don’t, they used to polish them with brick dust.
LB: No I hadn’t heard of that!
CSP: That’s why they keep on having to re-make them. I’ve always wondered because silver is
a good hardy metal why are they having to replace things after three or four years. If you’re
polishing it once a week with brick dust!
LB: I think they took a lot of hammering as well -  they were literally taking them in the field. I’ve
got a marvellous painting by Gilbert Hunt called after the Battle of Naseby, and there’s a 
man on horseback with his silver trumpet. And they were sent to Ireland -  trumpeters for 
Ireland, so they probably got bashed around.
CSP: Well it was a most important piece of military hardware, and they were highly trained, that’s 
why the apprenticeship was so long.
There’s a lot of difference, army advance and turn left, and army advance and turn right. 
One means you win the battle, the other means you don’t. And the troops had to recognize 
it and they often had these heavy banners on them, because they acted as the Ensign, they 
did the parleying so they had an ambassadorial role. And when you see how much they 
were paid, bearing in mind they had to maintain three or four horses.
LB: In the financial ledgers [Lord Chamberlain’s records] there are entries recording they should
be paid for their horses, for their travel.
CSP: Yes they did, travelling charges certainly, riding charges.
LB: They were always behind, in arrears. Sometimes they seemed to be about three or four
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years behind. So they had to do something else. They had to repair trumpets, or make 
something else, just to earn money.
CSP: Yes, I think what you’ll find is that John Shore did very little military work. It didn’t fit with
what he perceived he wanted to do. What’s interesting there are pieces which has the 
trumpet actually playing musically before Purcell’s time. There’s a piece by Turner from the 
1680’s. I mean you know, it is a matter for conjecture how early it goes back and there’s an 
element of surmise. I remember doing some work with Andrew Parrott [1947- ] and looking 
at these parts from Turner from the 1680s and thinking yeah that’s right, you know, it 
definitely is and I forget what that was for may be the Coronation of James II.
LB: Yes by then I should think it was James II.
CSP: Possibly, you see today I’m off to do the Coronation of George II with Robert King. It’s a
programme that I suggested to him, with all the trumpet players. Yes I’m doing it today in 
Greenwich in the Naval Chapel, tomorrow in Chichester and it’s at the Proms next year. 
What I try to do is resuscitate all the original fanfares. I take a different trumpet for the 
fanfares. So that it matches with the other boys. I’ve got a whole batch of new young 
players.
LB: Do you still teach?
CSP: No I don’t. I stopped teaching. I came out of teaching about 10 years ago. I don’t like it. I
do master classes. I will help somebody in trouble and I will give the occasional lesson to
somebody who is really keen, but regular teaching, week in week out, absolutely not. If 
they’re not interested, I’m not. If I’ve got to teach anyone I’ve got to teach myself. 
Especially as you see with all these instruments. I want to make recordings of them, so that 
people can hear what they really sounded like. The other interesting thing is the CD I’ve 
given you is the item with the slide trumpet, that’s the slide trumpet at the end, with a big, 
big, mouthpiece.
The most important work that I think I’ve done, not that anybody has seen it as important, is 
in my opinion to take instalments like that Bull trumpet and actually record it for posterity, 
because they won’t allow that out of the Museum again.
LB: I don’t think it’s in a fit state to play now.
CSP: Probably not, probably not. The Ashmolean would let me use that silver one, and record on
it, which is very nice, but now having done it once, it’s very difficult to persuade people that 
it’s worth doing again. But never mind, at least I’ve done it on one instrument and that 
certainly does give us an insight into the different approach. Of course I’ve learnt things 
since then but I still feel that the CD has borne its fifteen years very well. I would probably 
play more difficult things now.
And now I’ve got to go to work!
END OF INTERVIEW
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AUGUSTINE DUDLEY
1617 Aug 22 St Benedict Norwich 
Parish Register
Augustine Dudley born son of Richard [ and 
Thomson] [ One of at least 5 siblings -  
Alexander 1606, Richard 1609, John 1612, 
Raphe 1615, Thomasin 1621]
1635 Oct 23 Apprentice Book 1578- 
1645 Goldsmiths Hall 
Library
Memoranda that I Augustine Dudley the son of 
Richard Dudley of ye citee of Norwich yeoman 
hath put himself apprentise unto Thomas Cooke 
Citizen & Goldsmith of London for the terme of 
eight years to begin at the [next] day of the 
sixty[illeg]
[AD signed - very neat handwriting]
1644 May 3 Freedoms Register 
Goldsmiths Hall 
Library
Augustine Dudley apprenticed to Thomas Cooke 
Granted Freedom Goldsmith’s Company
1648 22 August IGI Augustine Dudley married Alice Holland, All 
Saints, Norwich
1651 M.O.L. Colin Trumpet dated 1651
1653 Apprentices Index 
Goldsmiths Hall 
Library 2/56/1653
Mary Dudley daughter of Richard Dudley 
apprenticed to Augustine Dudley
1653 Apprentices Index 
Goldsmiths Hall 
Library 2/56/1653
Christian Dudley daughter of Richard Dudley 
apprenticed to Augustine Dudley
1654 Apprentices Index 
Goldsmiths Hall 
Library 2/63/1654
Alexander Dudley son of Alexander Dudley 
apprenticed to Augustine Dudley
1656 Apprentices Index 
Goldsmiths Hall 
Library 2/84/1656
John Allen son of John Allen Apprenticed to 
Augustine Dudley
1662 Apprentices Index 
Goldsmiths Hall 
Library 2/126/1662
Samuel Ballard son of John Ballard Apprenticed 
to Augustine Dudley
1665 Burrell Collection Natural trumpet in D dated 1665
1666 May Byrne, GSJ 1966 
No.xix p 71-83
Living in St Leonard’s Precinct nr Goldsmiths Hall
1666 M.O.L Colin. Trumpet dated 1666
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1669 Apprentices Index 
Goldsmiths Hall 
Library 2/178/1669
Joseph Hill son of Robert Hill (deceased) 
Apprenticed to Augustine Dudley
1671 Apprentices Index 
Goldsmiths Hall 
Library 3/10/1671
Hugh Humphries (alias Roberts) son of Robert 
Humphries apprent’d to Augustine Dudley [gained 
his freedom 14 Feb 1678 Member of court of 
Assistants 1704]
1671 Apprentices Index 
Goldsmiths Hall 
Library 3/11/1671
John Cooper son of Michael Cooper apprenticed 
to Augustine Dudley [Gained Freedom 6 June 
1679]
1671-1689 Byrne, GSJ 1966 
No xix pp 71-83
Living in St Anne’s Lane in the Precinct of St John 
Zachary
1678 May Poll Tax
Byrne, GSJ 1966 
No xix pp 71-83
Living with his wife and Apprentice Hugh 
Humphries
1679 Apprentices Index 
Goldsmiths Hall 
Library 3/84/1679
Benjamin Branch son of John Branch apprenticed 
to Augustine Dudley [gained Freedom 11 Jan 
1692]
1684 Apprentices Index 
Goldsmiths Hall 
Library 3/143/1684
Charles Bagg son of William Bagg apprenticed to 
Augustine Dudley
1681-90 Court Book 1688-1708 
Goldsmiths Company
Augustine Dudley elected a Warden of the 
Goldsmiths Company
1689 Poll Tax
Byme, GSJ 1966 
No xix pp 71-83
Assessed for wife and child Robert Dudley
1690 Sept 9 Apprentices Book 
Goldsmiths Hall 
Library
Memoranda that 1 James Cooper son of Michael 
Cooper late of St Margaret’s Westminster in the 
County of Middx Cordwainer, desired do and put 
myself apprenticed to Augustine Dudley citizen 
and Goldsmith of London for the terme of seven 
years from this day. [ He signed]
1690 Feb 5 Apprentices Book 
Goldsmiths Hall 
Library
Memoranda that 1 George Harris son of John 
Harris Citizen & Clothmaker of London desired do 
and put myself apprentice to Augustine Dudley 
Citizen & Goldsmith of London for the terme of 
seven years [he signed]
1693 Court Book 1688-1708 
Goldsmith Company
Augustine Dudley elected Prime Warden 
Goldsmiths Company for period of one year.
1693 Apprentices Book 
Goldsmiths Hall 
Library
Memoranda that 1 Thomas Atkinson son of 
Thomas Atkinson of the Parish of Cripplegate 
Without in the County of Middx. Watchmaker
297
APPENDIX C1: AUGUSTINE DUDLEY
desire do & put myself apprentice to Augustine 
Dudley citizen & Goldsmith of London for the 
terme of seven years from this day. [ he signed]
1696 Sept. 1 Apprentice Book 1690- 
1708 Goldsmiths Hall 
Library
Memoranda that I Robert Dudley son of 
Alexander Dudley late of Virginia [Planter] desired 
do and put myself Apprentice to [Alexander 
crossed out!] Augustine Dudley Citizen & 
Goldsmith of London for the term of eight years 
from this day. [RD signed]
1696 Nov 3 Apprentice Book 1690- 
1708 (at the back) 
Goldsmiths Hall 
Library
Robert Dudley App’d to Augustine Dudley turned 
over to John Downham [Gained his Freedom by 
servitude 11 Oct. 1705]
1694-1707 Court Book 1688-1708 
Goldsmiths Company
Augustine Dudley present very regularly at Court 
of Assistants. Last date of attendance20 February 
1707.
1707 Feb 18 Burial Register St 
Michael Wood Street, 
London
Dudley, Augustine, Lodger (lowest Part) [i.e. 
lowest part of the cemetery). Death Augustine 
Dudley aged 90
1707 May 14 Court Book 1668-1708 
Goldsmith Company 
P. 322
A widow Dudley, amongst other widows, is 
petitioning for a pension. She was not successful.
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SIMON BEALE
1655 18 Dec A Calendar of Middle 
Temple Records, 
Hopwood, 1903 164-165
‘Attendance and sounding the trumpets 
before the Lords’ Commissioners at the 
Oration in the Hall (signed Timon Beale) £2- 
10s Od’. 50s for supplying 6 trumpeters at 
the Hall of the Middle temple -  oration on the 
anniversary of Cromwell’s assumption of 
office
1656 30 Oct Ref: Ashbee Vol VIII 
P.135
PRO refs: SP25/76/441, 
SP25/106/18, [CSPD 
1656-7 p. 590] 
(CSPD=Calendar of 
State Papers)
Payment to Symon Beale & 11 other 
trumpeters for attending the proclaiming the 
Treaty between His Highness & the French 
King. £12-0-0.
1656/57 24 Mar Ref: Ashbee Vol VIII 
P.135
PRO refs: SP29/157 
no. 135 (iv); [CSPD 
1656-7 p. 179]
[Payment to] Symon Beale & Edw Simpson 
two of His Highness’ trumpeters, £2 each, 
and 22 other trumpeters at £1 each, for 
attendance at the funeral of Admiral Robert 
Blake in Henry VII Chapel in Westminster 
Abbey: £26-0-0 [Admiral Blake in his last 
days won a famous victory over the Spanish 
April 1657 at Teneriffe Ref: Antonia Fraser 
'Cromwell Our Chief of Men’ 1976 p.543]
1657 6 Aug Ref: Ashbee Vol VIII 
P,135
PRO refs: SP25/78/103; 
[CSPD 1657-8 p.555]
[Payment] to Symon Beale, and other 
trumpeters, for services two days at 20s 
each, at His Highness’ inauguration & 
Proclamation, 19 being employed on the first 
day and 30 the second day: £49-0-0 
[Cromwell was Invested and took the royal 
oath in Westminster Hall Friday 26 June 
1657, ‘sound of trumpets acclaimed him’ the 
next day Cromwell was acclaimed in the City 
accompanied by ‘lifeguards, heralds including 
Garter King of Arms, trumpeters and 
members of the Council who were met at the 
Temple Bar by the Lord Mayor’ Ref: Antonia 
Fraser ‘Cromwell Our Chief of Men’ 1976 
p.616-617]
1658 Ref: Delderfield, Eric 
(ed) 1971 Kings and 
Queens of England and 
Great Britain pp90-91
Death of Oliver Cromwell, his son Richard 
Cromwell succeeded him, but was not strong 
enough to deal with a divided nation. Led to 
restoration of Charles II in 1660
1660 29 May Ref: Ashbee Vol. I p.1 King Charles II enters London
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1660 11 June Ref:The Kings Musick, 
Lafontaine p.113 
Ref: Ashbee Vol 1.p.1 
LC refs: 3/2, 3/3, 3/25, 
3/73.
(LC= Lord Chamberlains 
Papers)
Symon Beale one of 6 trumpeters sworn in 
on restoration of the King (4 were Dutch). 
[Musicians are sworn and admitted to the 
Royal Household by the Lord Chamberlain 
himself, or by the Gentlemen Ushers, Daily 
Waiters, when directed by a warrant from 
him]
1660 11 June Ref:The Kings Musick, 
Lafontaine p.113 
Ref: Ashbee Vol 1. 
p.223.
Ref: LC 3/25 p.61
Establishment Books. A List of Trumpeters in 
Ordinary. Symon Beale on list.
1660 22 Sept Ref:The Kings Musick, 
Lafontaine p. 137 
Ref: Ashbee Vol 1. p.22 
LC refs: 5/137 p.267
LC to CIS warrant to prepare a bill for the 
King’s signature granting payment of £100 
yearly to Gervaise Price as Serjeant 
Trumpeter of all the trumpeters, drummers 
and fifes, and £60 yearly to the following 
trumpeters to commence from John the 
Baptist 1660. Symon Beale on list. 
(LC=Lord Chamberlain; CIS=Clerk of the 
Signet Office)
c.1661 Ref:The Kings Musick, 
Lafontaine p. 153 
Ref: Ashbee Vol 1. 
p.216
LC refs: 9/388
Establishment Books. A List of the officers of 
His Majesty’s Household above stairs & 
Other His Majesty’s Servants and artificers, 
inc Trumpeters. Symon Beale on list.
1661 Ref: Ashbee Vol IV. 
p. 107
LC refs: E351/546 
16 Dec 1661-24 June 
1663 f.4.v 
(E=Establishment 
Books)
Treasurer of the Chamber also allowed for 
money to be paid to His Majesty’s 
trumpeters. Inc. Symon Beale Ord. Trump. 
£60 per annum payable quarterly and due to 
him for one year ended at Midsummer 1661
1662 27 August Ref:The Kings Musick, 
Lafontaine p. 147 
Ref: Ashbee Vol 1. p.34 
LC refs: 5/137 p. 130, 
5/107 f.91.r.
LC to JH Warrant to deliver to Symon Beale 
trumpeter in Ordinary one silver trumpet, his 
own trumpet being taken from him for His 
Majesty’s service in Ireland 
(JH=Jewel House)
1662/63 Dec 2 Ref: Ashbee Vol 1. p.40 
LC refs: 5/184 f.97v.
Petition of Frances Smyth widow, and John 
Smyth against Simon Beale. [ Not known 
what the complaint was]
1663 17 Oct Ref:The Kings Musick, 
Lafontaine p. 161 
Ref: Ashbee Vol 1. p.49 
LC refs: 5/138 p. 91
LC to TC. Warrant to pay £27 to Gervase 
Price, Serjeant Trumpeter for the use of 
William Bounty, Edward Homerston, John 
Baker and Symon Beale, four trumpeters in
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PRO ref: AOI/398/94 
f.17v
Ordinary, for their riding charges & expenses 
at Tunbridge while attending His Majesty for 
the space of 27 days @ 5s a day to each 
man, from 10 June to 7 July 1663
1663 14 Oct Ref: Ashbee Vol IV. p.43 
LC Ref: E179/266/22
Lay Subsidy Roll [2in respect of the first two 
of four subsidies granted by Parliament 8 
May 1661]
Symon Beale Trumpeter in fees 50s.
[Among the privileges bestowed on the 
King’s Musicians was immunity from paying 
the subsidies which Parliament occasionally 
granted to the Crown to top up Court Income. 
Ashbee Vol IV. p.xii]
1663 12 Nov Ref:The Kings Musick, 
Lafontaine p. 163 
Ref: Ashbee Vol 1. p.50 
LC refs: 6/138 p.380-1
LC. Order that the following .. lists includes 
Symon Beale...be discharged from paying 
the four subsidies lately granted in the 
Parliament begun 8 May 1661
1664 Apr/June Ref: Ashbee Vol VIII 
P.167
PRO refs: SP29/76 no 
67; E36/231 f.117v; 
[CSPD Chasll III p.201]
Establishment Lists. Trumpeters in Ordinary 
inc. Symon Beale
1664 Westminster Rate 
Books
Moved into Suffolk Street
1666 3 June Ref: Ashbee Vol VIII 
P.270
PRO refs: T27/11 pp13- 
15; [CTB VIII pp1390-1] 
(T = Treasury Out 
Letters; CTB=Calendar 
of Treasury Books 
ed.WAShaw)
Henry Guy to TC to stop out of the next 
wages or pensions payable in the treasury 
Chamber the following sums, being still 
unpaid assessments of the Poll Tax due in 
1666 & 1667 inc.
Simon Beale £4 1s Od
1666 Westminster Rate 
Books Roll No. 1553 
F394 St Martins in the 
Fields Ward
Symon Beales Suffolk Yard Building 
£0-12-0 [paid]
1667 Trumpet Dated on garland. In Bate Collection, 
Oxford.
1668 26 Sept The Diary of Samuel 
Pepys Vol IX 1668- 
1669, eds Latham & 
Matthews 1976
and so I walked away to Charing-cross 
and there into the great new ordinary [an 
eating place] by my Lord Mulgrave’s, being 
led thither by Mr Beale, one of Oliver’s and 
now of the King’s Guards, and he sat with me 
while I had two grilled pigeons,, , and there 
he and I talked of our old acquaintances
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W.CIerke and others, being a very civil man, 
and so walked to Westminster, and there 
parted.."
1669/1670 4 Jan Ref:The Kings Musick, 
Lafontaine p.222 
Ref: Ashbee Vol 1. p.96 
LC refs: 5/12 p.154, 
5/107 f.139v.
LC to JH. Warrant to prepare & deliver to 
Symon Beale & William Bounty, two of His 
Majesty’s trumpeters, two silver trumpets of 
the same value, quality, value and proportion 
as they have formerly received, they first 
returning in their old trumpets.
1671 Ref: Ashbee Vol 1. 
p.230
LC Refs: 3/27
A List of names of His Majesty’s servants inc. 
Symon Beale Trumpeter in ordinary
1671 Sir Samuel Morland; 
diplomat & inventor 
1625-1695. Dickinson 
1970 p.42
Morland invented a speaking trumpet the 
Tuba Sentoro-phonica’. ‘ The instruments 'or 
speaking trumpets’ of all sizes and 
dimensions are made by Mr Simon Beale 
one of His Majesties Trumps in Suffolk 
Street.’
1674 13 Jan Alphabetical Register of 
names of those who 
have been made Free of 
the Worshipful Company 
of Haberdashers,
London 1642-1690
Simon Beale gained his Freedom by 
Redemption
1674 11 Sept Ref:The Kings Musick, 
Lafontaine p.240 
Ref: Ashbee Vol 1. 
p.230
LC refs: 3/28 p.75
Establishment Books. List of Trumpeters in 
Ordinary. Symon Beale on the list
1676 The Kings Musick To Mr Beale for mending & altering a 
recorder £2-0-0
1675/1676 24 Jan Ref:The Kings Musick, 
Lafontaine p. 297 
Ref: Ashbee Vol 1. 
p.154
LC refs: 5/141 p.343, 
5/107 f.178v.
LC to JH. “Whereas His Grace the Duke of 
Monmouth hath informed me that one of His 
Majesty’s silver trumpets in the custody of 
Symon Beale, one of His Majesty’s 
trumpeters was lately lost and stole from off 
the Horse Guard and cannot be heard of, 
and that there is a trumpet wanting for His 
Majesty’s service” This is to require the Jewel 
House (JH) to prepare and deliver to Simon 
Beale one silver trumpet of the same fashion, 
quantity and proportion as any of His 
Majesty’s Trumpets
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1678 12 May PROB 11/424 In Will Simon Beale 25 Sept 1695 states that 
'Messuage in Primrose Street, St James, 
Westminster, together with the lease thereof 
which said messuage or tenement was lately 
built upon the grounds of Sir Anthony Grant 
as by the lease thereof bearing date the 
twelfth day of May Anno Domini 1678 
made between the said Sir Anthony Grant of 
London Knight of the one parte and me the 
said Symon Beale of the other part’
1679 Anglia Notitia, or The 
Present State of 
England 1679 Twelfth 
Edition p. 172
Queen’s Troop of His Majesty’s Guards, 
commanded by the Hon Sir Philip Howard Kt. 
Francis Breban -  Kettledrummer 
Trumpeters: Simon Beal, William Bounty, 
Richard Dean, William Bull.
1679/1680 Feb Ref: Ashbee Vol 1. 
p.233
LC refs: 9/389/ii
Establishment Books: List of Trumpeters 
Symon Beale on list
1679/1680 6 Feb Ref:The Kings Musick, 
Lafontaine p.348 
Ref: Ashbee Vol 1.
p. 188
LC refs: 5/191 f.58v.
Petition of Symon Beale, one of His Majesty’s 
trumpeters against Joseph Walker, 
Trumpeter. Walker is to appear on 9 
February.
[No information on what the complaint was]
1682 Anglia Notitia, or The 
Present State of 
England 1682 
Fourteenth Edition p.204
Queen’s Troop of His Majesty’s Guards, 
commanded by the Hon Sir Philip Howard Kt. 
Francis Breban -  Kettledrummer 
Trumpeters: Simon Beal, William Bounty, 
Richard Dean, William Bull.
1682 11 May The Loyal Protestant 
Guildhall Library
Frigate 'Gloucester' foundered off Great 
Yarmouth on the Lemon & Ower Sands en 
route from London to Edinburgh. Col. Legge 
(18t Lord Dartmouth raised to peerage in 
1682) in charge of Troop attending Duke of 
York.
1682 18 May The Loyal Protestant 
Guildhall Library
The Loyal Protestant reports that 2 
trumpeters saved by swimming and the Duke 
gave them £40 a piece to buy clothes
1682 5 June Ref:The Kings Musick, 
Lafontaine p.356 
Ref: Ashbee Vol 1.
p.200
LC refs: 5/16 p.91
LC to TC. Warrant to pay £12 to Serjeant 
Price for a new pair of kettledrums, provided 
by him for His Majesty’s service, a pair of 
kettledrums having been lately lost at sea.
1682/1683 18 Jan Ref:The Kings Musick, LC to TC. Warrant to pay £100 to Jervais
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Lafontaine p.348 
Ref: Ashbee Vol 1.
p. 188
LC refs: 5/191 f.58v.
Price, to be disposed of him to four of His 
Majesty’s trumpets and kettle drummer for 
their charges and expenses & for their losses 
at sea in their attendance upon the Duke of 
York into Scotland and back again in May 
and June last, 1682. £20 to each of them. 
This in response to a petition by Jervais Price 
craving allowance for that amount for William 
Shore, Matthias Shore, Thomas Barwell & 
Walter Vanbright.
1682 No historical information Simon Beale Trumpet supposedly at 
Woodsome Hall -  to be blown at times of 
stress
1695 Westminster Rate 
Books Roll No. 650 
(D11) St James Pall 
Mall, North East Division
Prince St.
Simon Beale £0-6-8
1695 25 Sept PCC Wills PROB 11 424 
P.127
[poss’ Simon Beale] Will Apart from debts, 
left all to wife FRANCES, inc messuage in [? 
Primrose Street in St James, Westminster] 
bequests to:Brother Edward 10s to buy a ring 
Sister Mary [Alton or Aston] 10s to buy a ring 
Nephew Charles 10s to buy a ring 
Thomas Christmas of the Parish of St 
Katherine 10s to buy a ring 
£150.00 owed to him by Mr Bamabee 
Witnesses: Thomas [?Foot] John Powell, 
Jeremiah Hammond
1696 Westminster Rate 
Books Roll No. 650 
(D12) St James Pall 
Mall, North East Division
Princes St.
Simon Beale £0-6-8
[ Probably a mistake for his widow -  he does 
not appear again in the rate books]
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WILLIAM BULL
C.1650 Byrne (1992)
1664 May Haberdashers 
Company 
Apprentices 
Ms 15,860/6
1666 Jul 2 PRO ref:
LC 3/73 p. 104
1671 June Haberdashers
Company Freedoms 
Ms 15857/1
1671 Byrne (1992)
1671 5 Mar Parish Register
1673 20 July Parish Register
1675
1677/78 
1677 
16 77
1677
Deduced from 
age on death 
Brasted Burial 
Register
LC 5/143 p.21r
Byrne (1992)
Byrne (1992)
Rate Book F405 
Westminster
1678 Rate Book F406 
Westminster
1679 Rate Book F407 
Westminster
1679 15 May Parish Register
St Martin 
in the Fields
1680 Rate Book F409 
Westminster
1680 Trumpet
William Bull bom TBateman (Pavenham) Beds 
son of Edward Bull
William Bull sonne of Edward Bull late of Bateman in the 
County of Bedford carpenter bound to Mary Tibbals 
citizen & Haberdasher of London for 7 years from the 
date dated as above. 25 March 1664
Sworn in as Trumpeter in Extraordinary to Charles II.
Freedom of Haberdashers Company
William Bull marries Dennis (Dinnes) Eaton, dau of 
John & Dennis Eaton of Oundle, Northamptonshire
Edward Bull son of William Bull & Di(e)nnis baptized St 
Botolph without Aldgate, London. [ died youngj
Dennis (Dinnis) Bull dau William Bull & Di(e)nnis 
baptized St Botolph without Aldgate, London.
Michael Bull son of William & Dennis born
William Bull appointed King’s Trumpeter in Ordinary.
William Bull living at Tower Hill by the Postern Gate.
William Bull moved to Salisbury St in the Strand near Ivy 
Bridge at the Horne & Trumpet, advertising Trumpets 
either silver or brass’.
William Bull not listed in Salisbury St
William Bull, Salisbury St (21st name on list) paying 
6s 6d rates
William Bull, Salisbury St (21st name on list) paying 
6s 6d rates.
Rachell Bull, dau William Bull & Dinnis, Baptised 
St Martin in the Fields, Westminster.
William Bull, Salisbury St (21st name on list) paying 
7s 7d rates.
Trumpet by William Bull associated with the date 
1680. In collections of Museum of London (A23580).
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1681 -1683 Rate Books destroyed
1681 29 May Parish Register 
St Martin in 
the Fields
Charles Bull, son William Bull & Dennes baptized 
St Martin In the Fields, Westminster [died young].
1681 Byrne (1992) William Bull moved to Lower End of Haymarket near the 
Pall Mall end, advertising as maker supplying ‘trumpets, 
French Horns, Speaking trumpets and flasks of all sorts 
both silver and brass’.
1684 Rate Books 
Westminster
Salisbury St. No William Bull listed. (Mrs Bull listed in 
Castle St between Coventry St & Glasshouse St rated at 
6s)
1687 15 Feb All Hallows Church Di(e)nnis Bull marr John Stephenson [Trumpeter] 
London Wall Marriage Register
1691 Rate Books
Market Division 
M/f 650 D7
Haymarket 
William Bull £0-15-0
1692 Rate Books
Market Division 
M/f 650 D8
Haymarket 
William Bull £0-15-0
1693 Rate Books
Market Division 
M/f 650 D9
Haymarket (2 houses after Unicom St) 
William Bull £0-15-0
1694 Rate Books
Market Division 
M/f 650 D10
Haymarket
William Bull not listed (whole street checked)
1695 Rate Books
Market Division 
M/f 650 D11
Haymarket Street 
William Bull £1-0-0
1697
1698
Rate Books Market Division M/f 650 D13 missing
Rate Books 
Market Division 
M/f 650 D14
Haymarket (2 houses after Unicorn Yard) 
William Bull £1-0-0
1698
1699
Goldsmiths Hall 
Registers
Horn
1699/1700 Lord Chamberlain’s 
Records LC5/166 p.30
1700 Byrne (1992)
William Bull enters his new mark at Goldsmiths Hall as a 
‘large plate worker* describing himself as a ‘Free 
Haberdasher* [on introduction of the new 'Brittania 
Standard’ for silver].
Hunting horn in the collection of the Homiman 
Museum dated on the garland to 1699 (14.5.47/307).
William Bull retired as King’s trumpeter in Ordinary
William Bull moved to a house in Hunt’s Court ( off 
Castle St ‘by Leicester Fields nr the Muyse’ ) from which 
as 'Trumpett Maker to his Majestie’ his trade card
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advertises ‘All sorts of Trumpetts and Kettle Drums, 
french horns, speaking trumpets, Hearing Horns for 
Deafe people & all sorts of powder flasks and also Wind 
Gunes’.
1703 19 Aug Marriage Register
St Martin in the Fields
Rachell Bull marr. John Harris (maker and former 
apprentice to William Bull.)
1708 Acts Book 
Canterbury 
Kent PRO 
Maidstone
Michael Bull son of William Bull, Rector of Brasted 
Church. Ordained Sunday 15 February 1701. ‘Collated to 
the Vicareage of Hougham St Laurence with which time 
out of mind hath been held the Rectory of St James in 
Dover by sequestration now voyd by the cession of Mr 
John C/Parish Clerk’.
1708 PRO PROB 11 William Bull writes his will. After several small bequest
527 leaves everything to his wife Dennis including
messuages tenements buildings houses money plate etc 
His son Michael inherited two messuages and tenements 
in Prince’s St. the profits to go to educating his grandson 
William Stevenson After the death of his wife two 
properties in Berwick St were to go to his two daughter 
Dennis and Rachel.
171212 AprBurial Register 
Brasted Church 
Kent
William Bull d. 9 April, buried Brasted Church, Kent 
1 Bull, William abyt April 9 1712 buried Apr 12th. 
Quantum tui optime pater desiderium reliquisti!'
1719 6 Dec Burial Register 
Brasted Church
Burial Dennes Bull (Mother of Rector) -  wife of William 
Bull
1763 1 Sept Burial register 
Brasted Church
Bull, Michael, Rector of this parish 55 years, died Aug 
27 1763 aged 88. Buried Sept 1st 1763. Living valued at 
£22-6-8 real value about £220.00 pa
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WILLIAM BULL -  ROYAL EMPLOYMENT -  1666 - 1699
1666 July 2 Lord Chamberlains Records 
Establishment books 
PRO ref: LC3/73 P. 104 
Ref: The Kings Musick, 
Lafontaine p. 188 
Ref: Ashbee Vol II P.222
Wm Bull Trumpeter extraordinary.
1677/78 26 Jan Lord Chamberlains Records 
Warrants of various sorts 
PRO ref: LC5/143 P.21r 
Ref: The Kings Musick, 
Lafontaine p.329
These are to require you to swear and 
admit William Bull in ye place & quality of 
Trumpetter in Ordinary to His Majesty .in 
ye place of John Christmas [deceased] To 
enjoy the same place & with all rights 
profitts privileges & advantages thereto 
belonging . And this shall be ye warrant 
Given under my hand this 26 day of 
January 1677 In the 29th year of His 
Majesties reign.
1677/78 26 Jan Lord Chamberlains Records 
Establishment Books 
PRO ref: LC3/28 P. 188
List of trumpetters inc.Jan:26:1677 
William Bull in John Christmas’ place
1679-1686 Ashbee Vol I pp 213-214 After 1678 to lessen cost to royal 
household, majority of court trumpeters 
attached to the Companies of Guards, to 
be paid with the rest of the forces. Wm 
Bull in Second Troop of Horse Guards 
commanded by Sir Philip Howard under 
Duke of Albemarle
1679 Angliae Notitiae 
Twelfth Edition
Queens troop of His Majesties Guards, 
commanded by the Hon. Philip Howard kt. 
Francis Breban -  kettle drummer 
Trumpeters: Simon Beale, William Bounty, 
Richard Dean, William Bull
1685 25 May Lord Chamberlains Records 
Establishment Books 
PRO ref: LC3/56 P.42 
Ref: Ashbee Vol II p.2
Warrant to swear in trumpetters to King 
James II includes.
William Bull sworne May 25 1685
1682 Angliae Notitiae 
Fourteenth Edition
Queens troop of His Majesties Guards, 
commanded by the Hon. Philip Howard kt. 
Francis Breban -  kettle drummer 
Trumpeters: Simon Beale, William Bounty, 
Richard Dean, William Bull.
1685 25 May Lord Chamberlains Records 
Establishment Books 
PRO ref: LC3/56 P.42rev
Amended List of Trumpetters.Trumpetters 
Matthias Shore in Mr Prices place [as 
Serjeant trumpetter] October the 5 1687 
William Shore May 18th 1685 
John Stevenson May 18th 1685
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1685/86 20 
Feb
1685 25 May
1685 25 May to 
12 June
1687
1687/88 1 Jan
1688 24 April
WILLIAM BULL May 25th 1685
[ + 9 others]
Lord Chamberlains Records 
Jewel House Records 
PRO ref: LC9/43 opp.P.30 
Ref: The Kings Musick, 
Lafontaine p.373 
Ref; Ashbee Vol II p.22
Lord Chamberlains Records 
PRO ref: LC3/56 p.42 
Ref: The Kings Musick, 
Lafontaine p. 370 
Ref: Ashbee Vol II p.2
Lord Chamberlains Records 
PRO ref: LC3/30 p. 103 and 
p. 107
Ref: The Kings Musick, 
Lafontaine p.371 
Ref: Ashbee Vol llp.123
‘February the 20th received m Simon 
Peirsons trumpett brokk to pieces that 
was [ x’s ] weight 27 oz 
[It:] received Thomas Barwell’s trumpett all 
broke to pieces which was Culthrops 
[Calthrope’s] weight 16 oz 
February the 20th delivered [these] two 
above mentioned trumpetts to Mr Bull to 
be new made
And received by me Wm Bull [he signed]
[in the left margin] May the 12 
[these] two trumpetts returned
,th [16]86
Warrant to swear in on King James the 
second accession. List of trumpeters 
including their signatures;
William Bull took oath and signed 25 May 
1685
P. 103 ‘Att His Maj Accession to the 
Crowne. The Serjeant and sixteene 
trumpetters were as follow, and the
changes since May 25 1685 William
Bull...
P. 107 This appears to be a similar list, 
with many revisions and then crossed 
through. William Bull still listed at May 25 
1685
Lord Chamberlains Records 
PRO ref: LC3/29 Rev side of 
P.42
List of Trumpetters and date of their 
swearing in... William Bull May 25th 1685.
Ref: Ashbee Vol VIII
Lord Chamberlains Records 
PRO ref: LC9/43 p.61 
Ref: The Kings Musick, 
Lafontaine p.387 
Ref: Ashbee Vol llp.182
Wm Bull had other duties inc. being 
responsible for signing for favours 
rendered:‘New Years Gifts given by 
Catherine of Braganza included: To the 
Trumpeters belonging to my Lord 
Feversham’s Troop £3-0-0 Wm Bull 
signed’. He did the same for the same 
amount for: The Trumpeters of the Duke 
of Northumberland’s troop, and to the 
Trumpeters of My Lord Churchill’s Troop
April the 24th received m Will Shore’s 
trumpett and delivered it at ye same tyme 
to Mr Bull to be new made it being broke 
poir 30 oz 1dwt. Wm Bull [ his signature] 
[in the left margin] Mr Shore’s trumpett to 
be mended.This returned May ye 14th
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1888
1688 June 19 Lord Chamberlains Records 
PRO ref: LC9/43 p.64
June ye 19th Received in Mr Daniell Le 
Fever [La Faver] trumpett to be new made 
& delivered it to Mr Bull at ye same tyme 
poir 30oz 2dwt. And received by me Wm 
Bull [he signed]
1688 July 6 Lord Chamberlains Records 
PRO ref: LC9/43 p.64R 
Ref: The Kings Musick, 
Lafontaine p.388 
Ref: Ashbee Vol II
July ye 6th delivered to Mr Bull for the use 
of Mr Danll Le Fever vizi 
One silver trumpet —poir 36 oz 
And received by me Wm Bull [he signed] 
[in left margin] One trumpet Le Fever 
Returned January 4 1691, Left in June last 
15oz o1 oo [in Wm Bull’s hand writing]
1688/1689 Feb 
12
Lord Chamberlains Records 
Jewel House Records 
PRO ref: LC9/43 p.73 
Ref: Ashbee Vol II
In margin: Serjeant Trumpetters Mace Nov 
18 returned
Feb the 12th delivered unto Serjeant 
Trumpetter for the proclaiming of ye 
Prince & Princess of Orange King &
Queen & as soon as the service is over to 
bee returned viz One Large Mace poir 
342oz: 1dwt: 0  
And received by me Wm Bull
1689 Sept 21 Lord Chamberlains Records 
Establishment Book 
PRO ref: LC3/31 P. 101 
Ref: The Kings Musick, 
Lafontaine p.396 
Ref: Ashbee Vol II P.125
List of Trumpetters: Matthias Shore is Srjt 
Trumpetter. Wm Bull is on list.
1689 Sept 21 Lord Chamberlains Records 
Warrants of various sorts LC 
to Gentlemen Ushers Dayley 
Waiters in ordinary or one of 
them
PRO ref: LC5/149 P.243 
Ref: The Kings Musick, 
Lafontaine p.396 
Ref: Ashbee Vol II P.29
Warrant to admit William Bull 
Trumpetter.. to enjoy the said place with 
all rights, profitts, - fees, privileges and 
advantages thereto belonging. And this 
shall be ye warrant given under my hand 
this 21 sl day of September 1689 In the 
first year of His Maj reigne Dorsett
1689 Sept 21 Lord Chamberlains Records 
Establishment Books 
PRO ref: LC3/32 P.69 
Ref: The Kings Musick, 
Lafontaine p.396
List of Trumpetters 
Sept ye 21st 1689 
Matthias Shore Serj Trumpetter 
WILLIAM BULL, John Stephenson 
[and 13 others]
1689/90 20 Jan Lord Chamberlains Records 
Establishment Books 
PRO ref: LC3/3 P.24 
Ref: The Kings Musick, 
Lafontaine, P. 398 
Ref: Ashbee Vol II p 129
List of Trumpeters and their pay:
Matthias Shore Esq. Serg. trumpeter 
£100.00
The trumpeters inc William Bull @ £91-5- 
0
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1690 8 Dec
1690 Dec 10
1690 Dec 24
1691 July 10
Lord Chamberlains Records 
Warrants of various sorts 
PRO ref: LC5/150 p. 189, 190 
Ref: The Kings Musick, 
Lafontaine p.401 
Ref: Ashbee Vol II p.34
Lord Chamberlains Records 
Jewel House 
PRO LC5/150 p. 190 
(previously Lafontaine LC 
Vol.754p.189, 190)
Ref: The Kings Musick,
Lafontaine
Ref: Ashbee 35
Lord Chamberlains Records 
Treasury Chamber 
PRO ref: LC5/150 p. 199 
Ref: The Kings Musick, 
Lafontaine p.402
Lord Chamberlains Records 
Jewel House LC to TC 
PRO ref: LC5/150 p.273 
Ref: The Kings Musick, 
Lafontaine p.404 
Ref: Ashbee Vol II P. 41
P. 189' A letter to [Mr Jopson] I have 
here., sent you a list of his majesties 
servants above stairs who are to attend 
His Majesty in his voyage unto Holland, 
and are paid in the Treasury Chamber by 
... .;according to the Desire of the Lords
Commissioners of the Treasury:......List
of His Maj servants above stairs who are 
to attend His May in his voyage in to 
Holland, and who are paid in the Treasury 
Chamber:’ William Bull listed as one of the 
6 trumpetters sent.
P. 190 This is to certify that Wm
Bull....are appointed Trumpettors to 
attend His Maj in His voyage into Holland. 
And [ ] are to have the liveryes provided 
for the voyage. Given under my hand this 
10th day of December 1690 in the 
second year of their majs reign. Dorsett’
In margin} Trunpetters for Holland 
These are to [certify] that ...[list of 
trumpetters]... inc Wm Bull., are 
appointed trumpetters to attend His Maj in 
His voyage into Holland ...And..the 
Liverys provided for this voyage Given 
under my hand this 10th day of December 
1690 In the second year of their Maj reign. 
Dorsett.
List of trumpetters for Holland. Wm Bull on 
list .. are appointed to attend his majesty 
in his voyage into Holland : There are 
therefore to pray and require you to pay or 
cause to be paid unto the said Matthias 
Shore the several sumes of money 
allotted by the Treasury for the several 
persons above mentioned. And the said 
Matthais Shore’s hand for the receipt 
thereof shall be ye discharge and this 
shall be ye warrant given under my hand 
this 24th day of December 1690 in the 
second year of their Majs reign Dorsett 
Trumpetters for Holland. These are to 
pray and require you to pay or cause to be 
paid ...[Wm Bull on list]., the several 
sumes of ryding charges -  following (viz) 
unto the Srjt trumpetter the sum of ten 
shillings by the day and unto each of the 
said trumpetters, and kettle drummer the 
sume of five shillings by the day for the 
space of one hundred and three days from 
the first day of January 1690 to the______
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thirteenth day of April 1691:- [include] for 
these ryding charges and other expenses 
in attending His Majesty in the voyage 
into Holland for the said [sume]. And for 
so doing this shall be ye warrant given 
under my hand this tenth day of July 1691 
In the third yeare their Majs Reigne
1691/92 Jan 25 Lord Chamberlains Records 
PRO ref: LC9/43 p.170R 
Ref: The Kings Musick, 
Lafontaine p.408 
Ref: AshbeeVol II p. 185
January 25 delivered to Mr Anthony 
Rague [Ragway] one of their Majesties 
trumpetts
One silver trumpett with mouthpiece poir 
35 oz 3dwt and received by me for his use 
Wm Bull.
1692 Angliae Notitiae P. 145 List of Payments to the sergeant & 
Officers of the King’s Household, inc 5s a 
day to Wm Bull
[P.153.The Musical Establishment for 
each troop consisted of 4 trumpeters, 1 
kettle drummer, 2 drummers, 2 hautbois]
1693 Mar Lord Chamberlains Records 
PRO ref: LC9/43 P.209
[ left top comer of document badly 
damaged]... .delivered to Mr Laws viz 
trumpet to be new made - poir 22oz 1 
dwt for him by me Wm Bull
1694 April 14 Lord Chamberlains Records 
PRO ref: LC9/43 P.211r 
Ref: AshbeeVol II p. 186
April the 14th delivered unto Mr Will Bull, 
Mr Brook his trumpett to be new made 
poir 23 oz 2dwt And received by me Wm 
Bull. ( he signed)
In the left margin Mr Brooks trumpett to be 
new made 110z short of what [illeg but 
appears to be instruction to make up 
weight to 36 oz. Confirmed by entry in 
margin Returned new made
1694 April 18 Lord Chamberlains Records 
PRO ref: LC9/43 opp P.211 
Ref: The Kings Musick, 
Lafontaine p.416 
Ref: AshbeeVol II P. 186
April the 18th delivered unto Mr Will Bull 
for the use of Mr John Brooks his trumpett 
new made [illeg top right corner of page 
badly damaged] One silver trumpett poir 
36oz 1dwt
And received by me Wm Bull (he signed) 
In left margin: Brooks his trumpett.
1694 April 23 Lord Chamberlains Records 
Petitions & Warrants 
PRO ref: LC5/192 P. 88 
Ref: The Kings Musick, 
Lafontaine p.416 
Ref: Ashbee Vol II P.52
Whereas William Bull Trumpettor 
petitioned me to take his course at Law 
agst Robert Maugridge Kettle Drummer for 
scandalous words & it being a matter to be 
decided at Law I do hereby order ye Robt 
Maugridge to give an appearance to ye 
suite of Will Bull by ye first days of this 
Easter Terme -  otherwise ye [petitioner] 
hath his liberty to proceed at Law agst him
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dated ye 23rcl of APR 1694 DORSET.
1694 June 16 Lord Chamberlains Records 
Petitions & Warrants 
PRO ref: LC5/192 P. 90 
Ref: Ashbee Vol II P.53
Whereas Wm Bull one of his Majesties 
Trumpettors has petitioned me for leave to 
take his course at law agst Robert 
Maugridge Kettle drummer for scandalous 
& abusive words & other differences 
between them I do hereby [refer] the 
examination thereof to Mr Shore Serjeant 
Trumpettor & Mr maugridge Drum Major 
[desiring] them to [ Comp..] ye said 
differences between them or [ ] to report 
to me in writing ye law between them 
dated ye 16th June 1694 Dorsett
1695 Oct 25 Lord Chamberlains Records 
PRO ref: LC9/43 opp.p.235 
Ref: The Kings Musick, 
Lafontaine p.420 
Ref: Ashbee Vol II P.187
October the 25th delivered unto Mr Bull Mr 
Senior's (possibly Seignier or Senior) 
trumpett to be new made without 
mouthpiece or crooks poir 28oz 2dwt And 
received be me Wm Bull (he signed)
In left margin: Trumpett fol. 24 Returned
1695 Nov 13 Lord Chamberlains Records 
PRO ref: LC9/43 p.237 
Ref: Ashbee Vol II P.187
November the 13th delivered unto John 
Seignior his fathers trumpett new made 
the old one poir 20 oz the new one poir 29 
oz 1dwt. And received by me John 
Seignior [his signature so this must be the 
way to spell his name] Wm Bull (he 
signed)
1695 Dec 12 Lord Chamberlains Records 
PRO ref: LC9/43opp. p.238 
Ref: The Kings Musick, 
Lafontaine p.421 
Ref: AshbeeVol II P.187
December the 12th delivered unto Mr Bull 
Mr Williams trumpett broke new made poir 
without mouth piece & crooks 25 oz 1dwt 
And received by me Wm Bull (he signed). 
In left margin: Williams trumpett fol. 25oz / 
Returned
1695/96 Feb 18 Lord Chamberlains Records 
PRO ref: LC9/43 P.241 
Ref: Ashbee Vol II P.187
February the 18th delivered unto Mr Will 
Bull his trumpett to be new made it being 
broke to pieces poir 28oz. And received 
by me Wm Bull ( he signed). In left margin: 
Mr Bulls trumpet fol; 20 oz without 
mouthpiece or crooks. Returned 34oz 
13dwt
1695/96 March Lord Chamberlains Records 
PRO ref: LC9/43 opp.p.242
March 2[5]th delivered unto William Bull., 
one trumpett [adding] new made poir 34oz 
13dwt And [returned] by me Wm Bull (he 
signed)
In left margin: Mr Bull trumpett new made
1697 Feb 21 Lord Chamberlains Records 
PRO ref: LC9/43 opp.p.274
February ye 21st Delivered to Mr Charles 
Shailes one old trumpett to be new made 
20 oz 10 dwt. I say received by me Wm 
Bull ( he signed). In left margin: Goldsmith 
-  Returned March 4th
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1697 Mar 5 Lord Chamberlains Records 
PRO ref: LC9/43 opp. p.274
March 5th Delivered unto Mr Willm Bull 
one of his Majesties trumpetts. His own 
silver trumpett new made 39oz2dwt. say 
received by me Wm Bull (he signed)
In left margin: Mr Bulls Trumpett
1697 Nov 29 Lord Chamberlains Records 
PRO ref: LC9/43 P.271
November 29th 1697 delivered to Mr 
Charles Shales [or Shailes, who appears 
to be a Goldsmith who was sent trumpets 
to be repaired] to be new made. One 
silver trumpett pz 28oz 10dwt.Wm Bull 
(signed)
1699 Dec Lord Chamberlains Records 
PRO ref: LC9/43 P. 146 
Ref: Ashbee Vol II P. 184
Ditto delivered to Mr Wm Bull viz one 
silver trumpet poir 38 oz 1dwt 
And received by me Wm Bull (he signed) 
In left margin: Trumpet Returned to be 
new made to 39 oz
1699 Dec 22 Lord Chamberlains Records 
PRO ref:
Lafontaine p. 435 ( LC vol 
488 pp30-34)
List of pay of the Instrumental! Musick; 
Inc. William Bull Trumpeter £91-5-0
1699/1700 Jan 
5
Lord Chamberlains Records 
PRO ref: LC5/166 p.30 
Ref: The Kings Musick, 
Lafontaine p.436
William Bull leaves the service
In the margin: Mr Richter to be sworn 
Trumpett in Ordinary.
These are to require you to swear and 
admit Mr John Conrade Richter in the 
place and quality of trumpeter in Ordinary 
to his Majesty in the place of Mr William 
Bull’
1700 Lord Chamberlains Records 
PRO ref: LC9/44 P.21 
Ref: Ashbee Vol V P.95
JH Delivered to Mr Wm Bull a silver 
trumpet, weight 39oz 17dwt for Mr John 
Bollange, one of the trumpets of the 1st 
Troop of Guards.
Wm Bull signs
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JOHN HARRIS
1672 M.Byrne GSJ March 
1992 Vol XLV p.72
John Harris born possibly son of John 
Harris Labourer of Staines and his wife 
Sarah, baptised 2 October 1672 at 
Egham
1686 Nov 12 M. Byrne GSJ March 
1992 Vol XLV p.72
Apprenticed to Wiiliam Bull for 8 years 
(Haberdashers Company) completed 
apprenticeship but did not take freedom 
until 1699.
1698 M. Byrne GSJ March 
1992 Vol XLV p.72
Became rate payer to premises at Tower 
Hill (Bull’s premises). Land Tax records 
show that house was in Hatchet Alley close 
to the Jewel House
1699 Nov 27 Alphabetical register 
of names of those who 
have been made Free 
of the Worshipful 
Company of 
Haberdashers,
London 1642-1690
Gained Freedom Haberdashers Company
1703 Aug 19 Marriage Register St 
Martin in Fields 
London.
Baptisms: Byrne 1992
Marriage John Harris and Rachel Bull
[daughter of William Bull] They had 7 
children: Baptisms:
Michael 20.6.1704 St Martin 
Dennis 25 April 1706 St Botolph 
William Bull 27 Jan 1708 St Botolph 
John 18 August St Botolph 
Sarah 27 Feb 1712 St Botolph 
Thomas ?
George 19 Dec 1717 St Botolph
1708 Nov 16 M.Byrne GSJ April 
1966 No XIX p80
Became Queen’s Trumpeter [Queen Anne 
(1702-1714)]
1709 Jan M. Byrne GSJ April 
1966 No XIX p80
Trumpeter in the Fourth Troop of Horse 
Guards
1712 Mar 18 M. Byrne GSJ April 
1966 No XIX p80
Surrendered as a City Trumpeter (not 
known when he first became one)
1714 Sept 1 Burial Register 
Brasted Church Kent
Burial Michael Harris son of John and 
Rachel (bap. St Martin in the Fields 20 June 
1704)
Ca.1715 Webb, Historic Brass 
Society Journal 
p.264
Trumpet, later converted to a slide 
trumpet in Bate Collection Oxford (X70)
1715 M.Byrne GSJ April 
1966 No XIX p80
Took his nephew William Edward 
Stevenson [by Bull’s daughter Dennis] as 
apprentice (Haberdashers Company)
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describes himself as a silversmith
1716 Mar Goldsmiths Company 
Register
Enters his mark giving his address as 
Foster Lane
1716 July Byme1966, 80 Two silver trumpets supplied to Bristol 
Corporation (current custodians)
1717 Hore, 1893 10 brass French horns purchased for the 
Royal Buckhounds (none extant)
1718 M.Byrne GSJ April 
1966 No XIX p80
Moved to House in Berwick Street which 
had been left to his wife Rachel in her 
Father William Bull’s will
Ca.1722 Author’s chrono’ 
date
Natural trumpet converted to a slide 
trumpet. Royal College Music Museum 
of Musical Instruments (RCM189).
1723 Oct 14 M.Byrne GSJ April 
1966 No XIX p80
Takes his 2 sons: William Bull and John as 
apprentices (Haberdashers Company) 
describes himself as a silversmith
1730 Mar 19 Burial Register 
Brasted Church Kent
Burial Rachel Harris (nee Bull) wife of John 
from London
1731 May 1 Burial Register 
Brasted Church Kent
Burial of John Harris, John from London
1732 26 June M.Byrne GSJ April 
1966 No XIX p80
Administration of his goods given to his son 
William
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NICHOLAS WINKINGS
*Rate Books and 
Scavenger Rate Books are 
all to be found at Holborn 
Public Library*
* Note all spellings for Red Lion Street are as they 
appear in the source*
1696 19 July Baptism register St Giles 
Cripplegate; London
Baptism of Abigail Shaw. Father James Shaw, 
mother Ann. (sister Katherine bap. 30 Aug 1685)
1732 Poor Rate Book 1 p. 19 Nicholas Winkings takes over premises in Red Lion 
Street from John Holder -  5s 3d
1732 12 Oct St Andrews Parish Church 
registers, Holborn MS 6668 
Vol 3
Marriage NICHOLAS WINKINGS TO ABIGAILL 
SHAW
1734 Scavenger Rate Book 1 p. 18 Nicholas Winkings Red Lion Street -  1s 6d
1734 24 Feb St Andrews Parish Church 
registers, Holborn. Also listed 
in IGI
Baptism JOHN son of Nicholas & Abigail of Red Lyon 
Street, Holborn
1735 10 Nov St Andrews Parish Church 
registers, Holborn. Also 
listed in IGI
Baptism SAMUEL son of Nicholas & Abigail of 
Red Lyon Street Holborn
1739 Poor Rate Book 1 Holborn 
Public Library
Nicholas Winkings Red Lyon Street
1739 Scavenger Rate First Book
p.10
Nicholas Winkings Red Lion Street
1750 Poor Rate Second Book Nicholas Winkings Red Lyon Street -  7s 6d
1750 Author’s chrono’ date 6 French horns:
Bate Collection (604)
Norwich Castle Museum (147-940) 
Saltram House National Trust (SH2) 
EUCHMI (2627 and 2493)
Homiman Museum (M39-1983) 
Natural trumpet:
EUCHMI (3282)
1751 9 Sept London Goldsmiths 1697- 
1837 Their Marks & Lives 
Arthur G.Grimwade 
Faber & Faber 1990 3rd ed.
Enters his mark N.W at Goldsmiths Hall as 
‘large worker’ of Red Lyon Street, Holborn
1751 Poor Rate Second Book Nicholas Winkings Red Lyon Street -  6s 8d
1753 18 June PCC Wills PROB11 May 
1768 p.220.
Made his will: £800 to be invested in government 
securities, his wife to have all the benefits of the 
interest and on her death the £800 to be divided 
equally between the sons. A mourning ring to the 
value of 1 guinea and 20crowns was left to each of 
Sir Thomas Willet and his wife Penelope of Moulsey
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Surrey. The lease of the house in Red Lyon Street 
was left to John with the proviso that he paid £100 to 
his brother Samuel or vice versa if John did not want 
the house. His brother John Winkings was to receive 
£50. Abigail Winkings & Sir Thomas Willet are 
executors
1752-1759 Poor Rate Books Nicholas Winkings Red Lyon Street -  5s 10d
1759 Scavenger Rate Second Bk Nicholas Winkings Red Lyon Street
1760 EUCHMI chrono’ date French Horn: EUCHMI (2492)
1762 Scavenger Rate Second Bk Nicholas Winkings Red Lyon Street -  1s 8d
1763 Mortimer’s London Directory 
1763, 52 (Guildhall Library)
'French Hom-Maker to His Majesty’s Hunt Red-Lion 
Street Holborn’.
1763 Scavenger Rate Second Bk Nicholas Winkings Red Lyon Street - 1s 8d
1764 Poor Rate First Book Nicholas Winkings Red Lyon Street - 7s 4d
1764 Scavenger Rate Second Bk Nicholas Winkings Red Lyon Street
1767 Letters Patent PRO Kew 
C97/10
Original Letters Patent of George III (1760-1820). 
[Folded parchment document with Privy seal in a 
gilded leather bound box] The Letters Patent include 
Nicholas Winkings in the list of names of people 
granted denizenship and lists their rights.
1767 13 Mar Letters of Denization and 
Acts of Naturalization for 
Aliens in England and Ireland 
1701-1800 (Shaw 1923)
P. 171 Denization.
‘Nicholas Winkings of the Parish of St Andrew, 
Holborn, Co.Midd. Ironmonger & brazier*
[certificates prior to 1836 have not survived. From his 
brother John’s will we know that they came from 
Germany]
1767 12 April East Moulsey Burial Register Burial John Winkings, probably John son of Nicholas.
1768 21 Mar Death of Nicholas Winkings
1768 27 March East Moulsey Burial Register Burial Nicholas Winkings in a vault
1768 Mar Poor Rate Second Book Nicholas Winkings crossed out and Samuel Winkings 
inserted. Red Lyon Street -  9s Od
1768 2 May PCC WILLS held at the PRO, 
[now Family Records Centre]
Administration granted to Abigail Winkings and 
Thomas Willet
1770 Jonathan Harris 
Master of Studies in Music 
(Musicology) Dissertation 
Trinity Term 1996
The French Horn in England 1660-C.1809 the 
Instrument and its Makers’
Horn -  on display at Saltram House, Plymouth. 
Instrument associated with a painting by William 
Tomkin ‘ The Amphitheatre at Saltram’ signed & 
dated 1770, which depicts two horn players playing a 
duet as guests arrive at Saltram.
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1771 7 March PCC Will held at the PRO Death of Samuel Winkings in London, Clerkenwell
______________________________________ Close, at the house of George Jackson weaver
1771 4 April PCC WILL PROB10/2558 Samuel Winkings w ill: Administration granted to 
Thomas Willett and George Jackson 
Wished to be buried in the same vault as his father. 
Various bequests and:
£200 to his aunt Katharine Sandbark [Abigail’s sister] 
£200 to his Uncle John Winkings 
£30 to Robert Wood & £10 to his brother Thomas 
£10 to each of his maid servants at E.Moulsey 
All the rest from public funds left by his father 
Nicholas on death of his mother to go to his own 
first cousins and Uncle John Winkings, mother to 
get interest in the meantime
1772 Poor Rate Book 2 p.3 Red Lyon Street Premises now in name of Swindell
1778 12 April East Moulsey Burial 
registers 1681-1812
ABIGAIL WINKINGS buried ( wife of Nicholas) -  
left everything in her will to her brother in law 
John. (PROB 11/1041)
1778 London Gazette Dec 8-12 Notice to the effect that on the death of his Mother, 
Samuel Winkings’ first cousins on Mothers and 
Fathers side are invited to make themselves known 
to the executors to claim their inheritance
1781 London Gazette Nov 17-20 Another notice 'Pursuant to a Decree at the High 
Court of Chancery, all Persons claiming to be the 
First cousins or Representatives of First cousins of 
Samuel Winkings and of his fathers and mothers side 
who were living at the time of the death of his Mother 
Abigail Winkings are to make their relationship known 
to ...one of the Masters of the said Court’.
1787 8 July East Moulsey Burial registers 
+ PCC Will PROB10/1180
John Winkings (brother to Nicholas) buried. Parish 
register notes that he was native of Gemany. Will 
proved 16 July 1787. Desired to be buried in the 
same vault as his brother Nicholas. Left money to 
charity, friends and housekeeper, including a picture 
of the City of Bremen
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JOHN CHRISTOPHER HOFMASTER
1700 Deduced from age at 
death. Burial register St 
Mary’s German 
Lutheran Church of the 
Savoy
Birth of John Christopher Hofmaster (Johan 
Christoph Hoffmeister).
1700 IGI (Germany) Possible birth in Westphalia for John 
Christopher Hoffmaster 
‘ 18 Mar 1700 baptism Johan Christoph 
Hoffmeister son of Johan Hinrich Hoffmeister 
and Anna Maria Meyerhoff. [one of his 
daughters was called Anne Mary] Evangelisch; 
Borgholzhausen, Westfalen, Preussen.
1741/42 Marl Parish Register St 
James Piccadilly 
(Westminster)
Marriage John Christopher Hoffmaster of St 
Georges Hanover Square and llse-Maria 
Wilbrock of this parish
1743 Nov 10 Parish Register St 
Georges Hanover Square
Baptism Margaret-Sophia daughter of John 
Christopher & Maria Hoffmaster
1745 Aug 13 Parish Register St 
Georges Hanover Square
Baptism Ann Mary daughter of John Christopher 
and Maria Hoffmaster
1750 Author’s chrono date French Horn, Saltram House (SH1). Probably 
bought to form a pair with Winkings horn 
(SH 2)
1751-1764 Langwill’s Index Ratepayer at 70 Piccadilly, London
1760 Frew & Myers 2003
‘Sir Samuel Hellier’s 
“Musicall Instruments”,
2 French Horns bought to form a pair by Sir 
Samuel Hellier. (EUCHMI 3296, 3297) One
pair Concert French Horns with Crooks 
complete in Painted boxes. Based on Sir 
Samuel Hellier’s correspondence, it appears 
that the horns may have been bought by him in 
about 1760.
1764 Bate Colin 
X606 and x607
Pair of orchestral horns said to be portrayed 
in a painting by Zoffany The Sharp Family’ 
c.1779
1764 Mar 11 Burial Register St 
Mary’s German 
Lutheran Church of the 
Savoy
‘On the 11th March died Johan Christoph 
Hoffmeister in his 64th year and was buried on 
the 15th of this month at the local cemetery 
between [ illeg] and two o’clock, he is lying [his 
grave is on top] above his wife and [illeg] Mrs 
Wilbrock in the 3rd grave away from the gate in 
the first row.’
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1764 Mar 24
1764 May 2 
1764 Aug 24
1770
1776 Oct 8
Will
PROB 11 
Folio 896
Parish Register St 
Georges Hanover Square 
London
Parish Register St 
Georges Hanover Square 
London
Jonathan Harris Master of 
Studies in Music 
(Musicology) Dissertation 
Trinity Term 1996
St George’s Hanover 
Square marriage index
Written 21 July 1761, probate 4 March 1764 
Parish St George’s Hanover Square. Johan 
Christopher Hoffmaster French horn maker. 
Everything left in trust to his 2 daughters, 
through executors and 'good friends’ George 
Daniel [ G...] a chaser and Hardwick 
Constantion a sugar baker to be shared equally. 
If they both die then one hundred pounds is to 
be given to the Missionarys appointed to 
propagate the protestant religion in the East 
Indies for compleating so good a work. After 
that all his goods to be divided equally amongst 
his two brothers children but in the case of his 
brother Balshaw Albrighte Hofmaster, only his 
children by his first marriage to inherit not the 
children brought into the marriage by his second 
wife and he gives 5 guineas to each of them.
Marriage Thomas Weston (B) and Margaret 
Sophia Hoffmeister (S) L.A.C. (Licence from the 
Archbishop of Canterbury)
Marriage Charles Davis Freeman of St Giles in 
the Fields (B) and Ann Mary Hoffmaster of this 
Parish (S) L.B.L. (Licence from Bishop of 
London)
The French Horn in England 1660-C.1809 the 
Instrument and its Makers’
Horn -  cor de chasse on display at Saltram 
House, Plymouth. Instrument associated with a 
painting by William Tomkin * The Amphitheatre 
at Saltram’ signed & dated 1770, which depicts 
two hom players playing a duet as guests 
arrive at Saltram.
Marriage Katherina Dorothey Hoffmaster (s) to 
George Henry Rodenbostel (b) by Licence.
[note: Katerina is not a daughter of John 
Christopher Hoffmaster]
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GEORGE HENRY RODENBOSTEL
1763 Byrne 1966, 82 Sharing same house as Hofmaster in 
Piccadilly and taking over after his death 
in 1764.
1763 Harris 1996, 37 Orchestral hom Folk Museum 
Gloucester (F1536)
1768-1789 Waterhouse 1993 ‘George Rodenbostall’ as rate payer 
identifiable with Henry Rodanbostle. 
Henry F.Rodanbostle listed at Piccadilly 
1772-1779
1776 St George’s Hanover 
Square London Marriage 
Index
Marriage Katerina Dorothey 
Hoffmaster (s) to George Henry 
Rodenbostel (b) by Licence [ note: 
Katerina is not a daughter of Hoffmaster, 
but he had 2 brothers so she is possibly a 
relation]
1778 Dec 5 Goldsmiths Hall register Registered his mark at Goldsmiths Hall 
as a large plate worker. His signature is 
similar to the one he inscribed on the 
trumpet in the Bate collection (X72)
1780 Author’s chrono’date Natural trumpet, Bate Collection (X72)
1780 M. Byrne 1966, 82 Voted in Westminster election giving his 
trade as a French Horn Maker
1789 Author’s chrono’ date Orchestral horn, Folk Museum 
Gloucester (F1537)
1790 M. Byrne 1966, 82 In a list of Householders for St George’s -  
he has died by this time and his widow 
Catharine Rodenbostel is recorded as 
living at No.70 Piccadilly
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1770 (by deduction
from burials 1823)
1774-1788 Wilson’s Dublin 
Directories
[1786 15 Nov Index to Marriage 
Licenses p.710
1798-1813 Wilson’s Dublin 
Directory
1803 Census Return 1851
1805 (by deduction
from Burials 1835)
1814-1815 Wilson’s Dublin 
Directory
1818
1819*
Poor Rate Book 
St Margaret’s 
Westminster
Poor Rate Book E623 
St Margaret’s 
Westminster
1820
1820
Poor Rate Book E626 
St Margaret’s 
Westminster
Robson Dir. London
Matthew Pace bom
Esau Clarke, French Horn Maker, 23 Henry Street
Pace, Agnes & William Sleator [Bookseller of Dame 
Street, Dublin ( possibly related to Matthew Pace family. 
Charles Pace names a dau. Agnes. She is widowed by 
1803 and named instead of her husband as thebookseller 
at 28 Dame St, Dublin]
Matthew Pace Wind Instrument Maker, 23 Henry Street
Charles Pace bom Dublin Ireland. 
Frederick Pace (1) bom
Matthew Pace Wind Instrument Maker, 26 Henry Street, 
Dublin
NO Chas & Fredk(1) Pace, Crown St, Westminster 
House marked as being empty.
Chas & Fredk (1)Pace, Crown St, Westminster 
Rack Rent: £30; Poor Rate: £1 10s; Watch Rate 5s7^d 
[Under Remarks column: Vary 2qrs watch paid & 2-8-9 
from poor. Under Qrs column: 3 pd -  this suggests that 
this is the year that Chas & Fredk moved into Crown St, 
part way through the Rateable year]
Chas & Fredk(1) Pace, Crown St, Westminster 
Rack Rent: £30; Poor Rate: £1 7s 6d; Watch Rate 
5s
Pace, C & F(1) Musical Instrument Makers 
2 Lower Crown Street, Westminster
1821-1826 Pace’s not listed in any London Directory (see 1823)
1821
1821
Census 
Grand Division 
St Margarets Roll 1306 
E2865A-C Item 2
Poor Rate Book E629
Householders Name: Matthew Pace
By how many families occupied: 4
Families employed in Agriculture: -
Families employed in Trade: 2
All other Families: 2 Males: 4
Females: 4 Total of Persons: 8
Chas & Fredk (1) Pace, Crown St, Westminster
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St Margaret’s 
Westminster
1822 Poor Rate Book E632 
St Margaret’s 
Westminster
1823 28 Oct St Margaret’s
Westminster
1823 Poor Rate Book E635
St Margaret’s 
Westminster
1823/24 Robson Dir. London
Commercial Directory
1823 13 April Burials Register 
St Margaret’s 
Westminster
Rack Rent: £30; Poor Rate: £1 5s; Watch Rate 5s7^
Chas & Fredk(1) Pace, Crown St, Westminster 
Rack Rent: £30; Poor Rate: 17s 6d; Watch Rate 5s7^ sd
Pace, Charles married Eliza Townly Townly by 
banns. Witnesses: Frederick Pace(1) & Wm Martin
Chas & Fredk(1) Pace, Crown St, Westminster 
Rack Rent: £30; Poor Rate: 15s; Watch Rate 5s7^d
Pace, Chas & Fred (1), listed under French Horn, Bugle 
& Trumpet Makers, 2 Lower Crown St, Westminster.
Matthew Pace, age 53, Crown St, Westminster
1824 Poor Rate Book E638 
St Margaret’s 
Westminster
1825 Poor Rate Book E641 
St Margaret’s 
Westminster
1825 21 Dec Parish register
St Martin in the Fields
1826 Poor Rate Book E644 
St Margaret’s 
Westminster
1826 23 Aug Baptism Register
1827 Poor Rate Book E647
St Margaret’s 
Westminster
1826/27 Robson Dir. London
1828 Parish Register
St Margaret’s 
Westminster
1828 Robsons Dir. London
1828 Pigot’s Dir. London
Chas & Fredk (1) Pace, Crown St, Westminster 
Rack Rent: £30; Poor Rate: 17s 6d Watch Rate 5s7^
Chas & Fredk (1)Pace, Crown St, Westminster 
Annual value: £30; each instalment £1-0-0
Pace Frederick (1) and Ursula n£ Griffiths 
marr. St Martin in the Fields, Westminster 
Both signed. Witness: Eliz.Griffiths and EW Townley
Chas & Fredk(1) Pace, Crown St, Westminster 
Annual value: £30; each instalment £1-2-6
Birth Charles Matthew Pace, son of Charles Pace, 
Bap St Margaret’s Parish Ch. Westm’str 8 Oct. 1826
Chas & Fredk(1) Pace, Crown St, Westminster 
Rack Rent: £30; Poor Rate/quarter £1-5-0 
Rack Rent: £30; Watch Rate/quarter 5s
Pace, Chas. & Fredk(1) Martial Music Instrument maker, 
and original makers of the Royal Kent Bugle, 2 Lower 
Crown Street, Westminster
Frederick (2) Pace bom 5 December 1828, George 
St, Lambeth, Baptised St Margaret’s 18 Jan 1829.
Pace, Chas. Martial Instrument maker and original 
maker of the Royal Kent Bugle, 2 Lower Crown St, 
Westminster.
Pace C & F(1) Musical Instrument mfr 
2 Lower Crown Street, Westminster
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1829 Robsons Dir. London
1829 1 Nov Baptism register
St Margaret’s
1830 Robsons Dir London
1830 Poor Rate Book E657 
St Margaret’s 
Westminster
1828-1830 Poor Rate Book
1831 Poor Rate Book E658
St Margaret’s 
Westminster
1831 Robsons Dir London
1832
1832
Poor Rate Book E666 
St Margaret’s 
Westminster
Robsons Dir. London
Pace, Charles, 2 Lower Crown St, Westminster 
[Fredk(1) not listed]
Birth Edward William, son of Charles Pace Bap St 
Margaret’s Ch. Westminster 28 Feb 1830
Pace, Charles, Military Musical Instrument Mfr 
2 Lower Crown St, Westminster (+ in street index)
[ Fredk(1) not listed in street nor commercial directory]
Chas & F(1). Pace , Crown St, Westminster Div House 
Annual value: £30. Each instalment £1-10-0
Frederick Pace (1), Bath Street, Bristol
Chas. Pace, Crown St, Westminster Div House 
Annual value: £30. Each instalment £1-10-0 
No Fred(1) Pace here or in King St paying rates
Pace, Charles Musical Instr Mfr 
2 Lower Crown Street, Westminster
Pace, Fredk (1) Military Musical Instrument Maker.
15 King St, Westminster
Chas Pace , Crown St, Westminster (1st on list) House 
Actual value: £30; each instalment: £1-15-0 
Fredk(1) Pace, Crown St, Westminster 
(23 further on), but marked as being EMPTY
Pace Charles, listed as for 1831 
2 Lower Crown St, Westminster
Pace Fredk(1), listed as for 1831
15 King Street, Westminster
1833 Poor Rate Book E671 
Div. House
St Margaret’s 
Westminster
Chas Pace, Crown St, Westminster (1st on list)
Actual value: £30; each instalment: £1-10-0 
Fredk(1) Pace, King St, Westminster Div.House 
Actual value: £32; each instalment: £1-12-0 
( Fredk (1) name appears at end of list for King St and 
next on list is for Crown St and Chas Pace is first on it.
1833 Robsons Dir. London Trades List:
Pace, C Musical Instrument Mfr 
2 Lower Crown St Westminster
Pace Fredk(1) Military Musical Instrument Maker
15 King St, Westminster
Pace, Fredk(1) Military Musical Instrument Maker
21 Lower Cannon St, Westminster 
Street Index:
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1832/3/4
1834
1834
1835*
1835*
1835
1835
1836 
1836
1836
1836
Pigot’s Dir, London
Robson Dir London
Poor Rate Book E676 
St Margaret’s 
Westminster
Burials Register 
St Margaret's 
Westminster
Pace, Charles 2 Lower Crown St, Westminster [Fredk 
not listed at 15 King St and Lower Cannon St does not 
appear in the street index?]
Pace, Chas, 2 Lower Crown st, Westminster 
Pace Fredk(1), 1 Lower Crown St, Westminster 
in the corrections at the beginning of the Directory FP 
changed ‘ Pace, Frederick, Military musical instrument 
maker, 5 King St, Westminster).Note this could still be an 
error for 15, as Robson’s clearly has it as No. 15]
Pace Charles, Musical Instrument Maker and Music 
Seller 49 King St, Westminster 
Pace, Frederick(l), Military Musical Instrument Maker 
15 King St, Westminster & 21 Lower Cannon St
Chas Pace, King St, Westminster (12 on list) House 
Actual value: £30; each instalment: £1-10-0 
Fredk(1) Pace, King St, Westminster (27 houses further 
on) Actual value: £32; each instalment: £1 12s
Frederick Pace, King St, Age 30 years 
Buried 4 October 1835
Poor Rate Book E681 
St Margaret’s 
Westminster
Robson Trade Dir. 
Robson Street Dir.
Robson Trade Dir. 
Commercial dir,
Robson Street Dir
Robson Trade Dir. 
Commercial dir,
Pigot’s Dir
Poor Rate Book E686 
St Margaret’s 
Westminster
Chas Pace, King St, Westminster (12 on list) House 
Actual value: £30; each instalment: £1-5-0 
Fredk(1) Pace, King St, Westminster (29 houses further 
on). Actual value: £32;each instalment: £1 12s [ Fredk 
(1) name crossed out and Mrs Pace written over the top]
49 King St, Pace, Charles 
15 King St, Pace, Fredk (1)
Pace, Chas. Musical Instrument Maker & Music Seller
49 King St, Westminster
Pace, Fred(1). Military Musical Instrument
Maker 15 King St, Westminster
49 King Street, Pace, C Musical Instrument Maker 
15 King St, Pace, Fred, Musical Instrument Maker
Pace, Chas. Musical Instrument Maker & Music Seller,
49 King St, Westminster
Pace, Fred. Military Musical Instrument Maker 15 King 
St, Westminster
Pace, Charles brass musical instrument maker 
49 King St, Westminster
Pace, Frederick, brass musical instrument maker 15 King 
St, Westminster
Chas Pace , King St, Westminster (12 on list) House 
Actual value: £30; each instalment: £1 -0-0 
Mrs Pace, King St, Westminster (29 houses further on) 
Actual value: £32; each instalment: £1 1 s 4d
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1837 Robson Dir. London
1837 Poor Rate Book E686 
St Margaret’s 
Westminster
1838 Poor Rate Book E696 
St Margaret’s 
Westminster 
(new style books)
Pace, Chas Musical Instrument Maker
49 King St, Westminster
Pace, U. 15 King St, Westminster
Chas Pace , King St, Westminster (12 on list) House 
Actual value: £30; each instalment: £1-2-6 
Mrs Pace, King St, Westminster (29 houses further on) 
Actual value: £32; each instalment: £1 4s
Chas Pace , King St, Westminster (1st on list) Div.House
Gross estimated rental: 33
Rateable value: £30
Rate in the £: £3 7s 6d
Mrs Pace , King St, Westminster Div.House
Gross estimated rental: £35 4s. Rateable value: £32
Rate in the £: £3 12s
1838 Robson Street Index
1838
1839
1839
Robson Commercial 
Directory
Pigot’s London Dir.
Poor Rate Book E701 
St Margaret’s 
Westminster
49 King St, Pace.C Musical Instrument Maker 
15 King St, Pace, Ursula Musical Instrument Maker 
(also at No. 15 Cockrell JC Coffee House)
Pace, C Musical Instrument Maker
49 King St, Westminster
Pace, H [? typo] Musical Instrument Maker
15 King St, Westminster
Pace, Charles, Musical Instrument Maker
49 King St, Westminster
Pace, Ursula, Brass Musical Instrument Maker
15 King St, Westminster
[Wm Alexander, Watchmaker 10 Parliament St,
Westminster]
Occupier: Chas Pace, King St, Westminster.
Gross estimated rental: 33 
Rateable value: £30. Rate in the £: £3 7s 6d 
Occupier: Mrs Pace , King St, Westminster 
Owner: Wm Alexander
Gross estimated rental: £35 4s. Rateable value: £32. 
Rate in the £: £3 12s
183911 June General Register 
Office (ONS)
Pace, Ursula (widow) King St marr. William 
Alexander (widower) watchmaker Westminster in 
Parish Church St Mary Magdalene, Bermondsey. 
Father: James Alexander dead, Father: Thomas 
Griffiths dead.
1840
1840
Kelly’s Post Office 
London Directory
Rate Book Vol 
New Cross Rd
Pace, Charles, Wholesale Manufacturer of Military 
Musical Instruments, 49 King St, Westminster 
Pace, Frederick, Wholesale Manufacturer Military 
Musical Instruments, 15 King St, Westminster
entry 84 Charles Pace occupier House & Premises 
Gross Est. rent: £14-10-? at 9d in the E.Highway Rate at 
1d in the £. Total to be collected 10s
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1840 Rate Book Vol II entry 81 Charles Pace House & Premises New Cross
P.59 <April Road, in arrears 19s
1840 Rate Book Vol II entry 18. Charles Pace, House, garden & Premises, New
July-Oct Cross Road 15s in arrears
1840 Rate Book Oct. entry 8 as above 16s in arrears.
1840 Poor Rate Book E704 Occupier: Chas Pace , King St, Westminster.
St Margaret’s Gross estimated rental: 33
Westminster Rateable value: £30 Rate in the £: £3 7s 6d
Occupier: Wm Alexander (married to Ursula Pace) 
King St, Westminster.Gross estimated rental: £35 4s 
Rateable value: £32. Rate in the £: £3 12s.
1841 Poor Rate Book E707 Occupier: Chas Pace , King St, Westminster.
St Margaret’s Gross estimated rental: £33. Rateable value: £30
Westminster Rate in the £: £3 15s
[Occupier:Wm Alexander (marr. to Ursula Pace)King St 
his name crossed out and Mrs Stoney inserted over the 
top. 9 houses further on,his name again.]
1841 Trades Dir. Under Musical Instrument Makers - Various:
Pace, C (military) 49 King St, Westminster 
Pace, Fr. (military) 15 King St, Westminster
1841 Census
H0107/488 Film 17 
pp 32-34 
7 Minerva Place 
St Paul Hamlet 
of Hatcham 
Deptford
Charles Pace, age 38 Head Musical Instrument Maker 
born abroad
Eliza Pace, age 38 not born in County 
Charles Pace age 14 
Edward Pace age 11 
Sidney Pace age 5 
Mary Anne Pace age 1 3 “
Agnes Pace age 11 
Margaretta Pace age 1 0 “
Rebecca Pace age 8 
Eliza Pace age 3
1841 Census
H0107/738 Film 6 
Parliament St 
Westminster
Wm Alexander age 45 Watchmaker b.Scotland
Ursula Alexander age 30 not bom in County
Wm Alexander age 15
Matilda Alexander age 15 yes
El iz Alexander age 5
Geo Alexander age 1
Ursula Pace age 14
1841 Census King St John Rhodes age 50 Pianoforte Maker not born in
County+ Mary his wife and 6 children (inc.Martha, age 15 
who is listed as a music teacher and son Abraham who 
is a pianoforte maker as well)
1841 13 Sept Death Certificate Pace, Eliza Townley, wife of Charles Pace
(ONS) manufacturer of Musical Instruments, age 39 years of
diseased liver and dropsy, at 7 Minerva Place, New 
Cross Saint Paul Deptford
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1841
1841
1842
1842
1843 *
1843
1844
1844
1844
1845 
1845
Rate Book Jan. entry 32 Charles Pace House Garden & Premises
Deptford 7 Minerva Place 16s in arrears
Rate Book P.65 entry 58 Charles Pace crossed out and marked empty
end July No arrears all paid up.
Deptford, 7 Minerva Place
P.O.Dir. London
Rate Book E710 
Parish St Margaret 
Westminster
Rate Book E713-715 
Parish St Margaret 
Westminster
Robson Street Dir 
Thompson Dir
Post Office London 
Directory
Rate Book E716-718 
Parish St Margaret 
Westminster
Post Office London 
Directory
Rate Book E718-721 
Parish St Margaret 
Westminster
Pace, Charles, 49 King St 
Pace, Fredk. 15 King St
In commercial Directory both listed as Wholesale mfrs of 
Military Musical Instruments
Occupier: Charles Pace
Des. Property: House, Situation: King St
Annual value : £33. Each Instalment: £30. Rate at in the
pound: £3 -7s-6d. (9th house owned by Wm Alexander)
Occupier: Charles Pace
Des. Property: House, Situation: No.49 King St
Gross estimated rental: £33
Rateable value: £30
Rate at in the pound: £3 -7s-6d
[ First time numbering of houses appears in Rate Books]
(At No. 58 King St is Wm Alexander - now married to
Ursula Pace - house is much higher valued)
49 King St, Pace, C Musical Instrument Maker
15 King St, Pace Fred, ditto
49 King St, Pace, Chas. Musical Instrument Maker
15 King St, Pace Fredk. ditto
[at 16 Cockrell Chris coffee house]
Pace (C), Wholesale Manufacturer of military musical 
instruments, 49 King St, Westminster 
Pace (Fr), Wholesale Manufacturer of military musical 
Instruments, 15 King St, Westminster.
Occupier: Charles Pace
Des. Property: House, Situation: No.49King St
Gross estimated rental: £33. Rateable value: £30
Rate at in the pound: £3 -15s
(At No. 58 King St is Wm Alexander - now married to
Ursula Pace - house is much higher valued)
Pace (C) Wholesale manufacturer of military musical 
instruments, 49 King St, Westminster 
Pace (Fr), Wholesale manufacturer of military musical 
Instruments, 15 King St, Westminster
Occupier: Charles Pace
Des. Property: House, Situation: 49 King St
Gross estimated Rental: £33. Rateable value: £30
Rate at in the pound: £3 -1 5s
(At No. 58 King St is Wm Alexander - now married to
Ursula Pace - house is much higher valued)
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1845 21 Nov Parish Register 
St Margaret’s 
Westminster
1846
1846
1847
1847
1848
1848
1849
1849
1849
1850
London Post Office 
Directory
Rate Book E722 
Parish St Margaret 
Westminster
London Post Office 
Directory
Rate Book E723 
Parish St Margaret 
Westminster
London Post Office 
Directory
Rate Book E724 
Parish St Margaret 
Westminster
Rate Book E725 
Parish St Margaret 
Westminster
P.O.Dir. London
P.O.Dir London 
Commercial Section
P.O. Dir London
Charles Matthew (son of Charles Pace) married 
Elizabeth Rhodes, daughter of John Rhodes 
Pianoforte Maker, living at 3 King St)
Pace, C, Wholesale Manufacturer military musical 
instruments, 49 King St, Westminster 
Pace, Fr, Wholesale manufacturer military musical 
Instruments, 15 King St, Westminster
Occupier: Charles Pace
Des. Property: House, Situation: 49 King St.
Gross estimated Rental: £33. Rateable value: £30 
Rate at in the pound: £3 -1 5s. (At No. 58 King St is Wm 
Alexander, married to Ursula Pace - house is much 
higher valued)
Pace, C, Wholesale Manufacturer military musical 
instruments, 49 King St, Westminster 
Pace, Fr, Wholesale manufacturer military musical 
Instruments, 15 King St, Westminster
Occupier: Charles Pace
Des. Property: House, Situation: 49 King St
Gross estimated Rental: £33
Rateable value: £30
Rate at in the pound: £4 10s
(No. 58 King St - no entry blank)
Pace, C, Wholesale Manufacturer military musical 
instruments, 49 King St, Westminster 
Pace, Fr, Wholesale manufacturer military musical 
Instruments, 15 King St, Westminster
Occupier: Charles Pace
Des. Property: House, Situation: 49 King St
Gross estimated Rental: £38 10s. Rateable value: £35
Rate in the pound:£3 18s 9d. (No. 58 King St, entry
blank)
Occupier: Charles Pace
Des. Property: House, Situation: 49 King St
Gross estimated Rental: £38 10s. Rateable value: £35
Rate at in the pound: £4 16s 3d
49 King Street: Pace, Charles Milit. Mus.lnstr.Maker 
and in same house, George Gold, Law Stationer
Pace, Charles & Sons, manufacturers of the Albion, 
Cornopean & military musical instrument makers 
49 King St, Westminster. [No Frederick Pace listed]
Pace, Chas & Sons, musical instr. maker 
49 King St Westminster
Pace, Frederick, musical instr. maker 
6 King St, Westminster
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1851
1851
1851
1851
1851
1851
1851
Death Certificate 
(ONS)
MacTaggart 
‘Musical Instruments in 
the 1851 Great 
Exhibition”
Ed. Peter and Ann 
Mactaggart.
Welwyn Herts 1986
Trade Dir
Death Edward William Pace. Son of Charles Pace,
22. Buried St Margaret’s Westminster 29 Nov.1851.
C.Pace & Sons: exhibited at Great Exhibition 
“Pace & Sons, 49 King St, Westminster - Inventors 
Manufacturers. Great Britain. Class x. No.517. 
Cornopeans, trumpet, and valve horn.The improvements 
consist in the small diameter of the valves,the removal of 
angular turnings, and the hardness and quality of the 
metai employed. { the modern brazen trumpet was 
invented at Nuremberg, but a similar instrument has 
been known from time immemorial. - H.E.D.}”
Pace C & Sons Military Musical Instr Maker 
49 King St, Westminster.
Pace, Fredk. Ditto, 6 King St. Westminster
Rate Book E727 
St Margaret’s 
Westminster
Census (30 March) 
H0107/1480 Folio 101 
49 King St 
Parish St Margaret 
Westminster
Occupier: Charles Pace
Des. Property: Div. House, Situation: 49 King St 
Est. Extent: 35. Gross estimated Rental: £38 10s 
Rateable value: £35. Rate at in the pound: £3
Charles Pace, Head, widower age 48 Musical Instrument 
Maker employing sons & 3 men b.Dublin, Ireland 
Charles Matthew Pace, son. Marr. age 24 
Musical Instrument Maker, b. Westminster 
Martha Elizabeth Pace (dau.in law) age 5,b.Westminster 
Mary Ann Townley Pace. dau. age 23,s, b.Westmstr 
Edward William Pace son age 21 single 
Musical Instrument Maker, b. Westminster 
Agnes Eliza Pace dau. age 20 single, b. Westminster 
Margaretta Ann Pace dau. age 19 single, b. Westminster 
Rebecca Emma Pace dau. age 17 single, b. Westminster 
Eliza F. Pace, dau 14 single , b. Peckham, Surrey 
Blanch A. Pace Grand dau. age 1, b. Peckham,Surrey 
Thomas Locke visitor age 26 single 
Cooks Confectioner B. Southwark Middx
Mary F? Kierman visitor age 15 single Scholar,
b. Maidstone, Kent
Census (30 March) 
H0107/1573 Folio 749 
16 Hamilton St 
Wandsworth Rd 
Lambeth, Parish 
St Mary Ecc. Dist.
Ursula Alexander Head widow age 42 b. Westminster 
Frederick Pace son marr. age 22 Musical Instrument 
Maker, b. Westminster.
Sophia Ann Pace dau in law age 20 b. Gosport, Hants 
George Alexander, son age 10 b. Westminster
St Barnabas E.Kent
Census Return G.Pace, single, age 15 Musical Instrument Maker
1 St John Rd [1-3 St Johns Rd 3 houses are in one, a common lodging
Parish St John the house]
Evangelist
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Ecc. District St Matthew 
Westminster
1851 27 July Birth Certificate 
(ONS)
1851 22 Dec St Margaret’s
Baptism Registers 
Westminster
1852
1852
1853
1853
Rate Book E728 
St Margaret’s 
Westminster
Watkins Dir
Watkins Dir
P.O. Dir
Birth: Frederick William Pace son of Frederick 
Musical Instrument Maker and Sophia Ann Pace 
formerly Lewes, 12 Hamilton Street, Wandsworth
Birth: Charles Matthew son of Charles Matthew 
Pace Musical Instrument Maker, and Martha 
Elizabeth of 49 King St, Westminster
Occupier:. Charles Pace
Des. Property: Div. House, Situation: 49 King St 
Gross estimated Rental: £38 10s. Rateable value: £35 
Rate at in the pound: £3 18s 9d
Pace, Chas & Sons, Musical Instrument Maker, 49 
King St. [No Fred listed]
Pace, Chas & Sons, Musical Instrument Maker, 49 
King St. [No Fred listed]
Pace, Charles, musical instrument maker
22 Queen’s Row, Pentonville
same info in Trades Dir. In Street Dir under Queen’s
Row, Stafford Row, Pimlico: No 22 Pace, Charles
Musical Instrument maker. Also 49 King St, Pace Chas &
SON military mus.instr. maker.
[Note: St Margaret’s Churchyard Westminster closed for burials in 1853]
1854 PO Dir London
1854
1855
1855
1855
1855
1856 
1856
Rate Book E730 
St Margaret’s 
Westminster
Rate Book E 731
London Trade Dir
Watkins Trade Dir 
4th Edition
P.O Dir London
P.O.Dir London 
Rate Book E732
Pace, Chas & Son, musical instr. maker,
49 King St Westminster 
Pace, Charles, Mus. Instr. maker 
19 Queen’s Row, Pentonville
Occupier: Charles Pace
Des. Property: Div. House, Situation: 49 King St 
Gross estimated Rental: £38 10s 
Rateable value: £35. Rate at in the pound: £5 13s 9d 
[ Last year at this address]
King St, No Pace listed (now John Macefield)
King St, No Pace’s listed (+environs of London checked)
Pace Chas & Sons 49 King St Westminster. Musical 
Instrument Maker (John Macefield Gasfitter at same 
number) [ J.C.Cockrell coffee house at No. 16]
Pace, Charles Matthew, music seller & musical 
instrument mfr. 85 Charlwood St, Pimlico
Pace, Charles Matthew, music seller
85 Charlwood St West Pimlico
No Pace in King St or St John St or Millbank St
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1857
1857
1858 
1858
1858
1859
1860 
1860 
1861 
1861
1861
1862
1862
1863
St Margaret’s, Westminster
P.O. Dir London No Pace’s listed
Rate Book E733 No Pace in St John St
St Margaret’s, Westminster
London Street & Trade Dir No Pace’s listed
P.O. Dir London
Rate Book E734 
St Margaret’s 
Westminster
London Street & Trade 
Directories
Pace, Charles Matthew, musical inst. maker 
12 Millbank St, SW Westminster 
[ no other Paces listed]
Occupier: Charles Pace
Des. Property: Div. House, Situation: 8 St John St 
Estimated Rental: £22 est.extra 20s.Rateable value: £20 
Rate at 2/4d in the pound: £2-6-8d
No Pace’s listed
Kelly’s Post Office Dir No Pace’s listed 
P.O. Dir London No Pace’s listed
London Commercial Dir. No Pace’s listed
Census Return 
RG9/368 F 96 
8 St Andrews Terrace 
Wandsworth Road 
Clapham
Census Return 
6 Hanway Place 
Marylebone 
off Cavendish Sq 
Ecc. District St Andrews 
RG9/66 Folio 12
Charles Matthew Pace, Head age 34, Brass Mus. Instr.
Maker, b. Westminster
Martha E. Pace, wife, age 35 b. Westminster
Blanche A, dau age 11, scholar, b. Westminster
Charles M. son age 9, scholar, b.Westminster
Edward A. son age 7 scholar, b. Pimlico
Selina E. dau age 5, Scholar, b.Pimlico
Alfred W. son age 2 b. Westminster
Baskermatt Wilmshurst widow, age 65 monthly nurse
b. E. Farleigh, Kent
Frederick (2)Pace Mar. age 32, Musical Instrument 
Maker b. Lambeth, Surrey 
Sophia Ann Pace, wife age 30 b. Gosport Hants 
Frederick William Pace, son age 9 b. Lambeth Surrey 
Charles Matthew Pace, son age 6 b. Sheffield, Yorks 
Ursula Sophia Pace, dau age 4 b. Manchester 
Henry George Pace, son age 3 b. Lambeth, Surrey 
Katherine Annie Pace, dau age 1 b. Lambeth, Surrey 
Ursula Alexander Mother, widow age 52 b. Westmstr 
George William Alexander, half brother, single age 
21 Musical Instrument Maker b. Westminster
Trade Dir. Pace, Frederick (2) Musical Instrument Maker
6 Hanway Place, Hanway St, Oxford St W. (15 John St) 
[No other Pace listed]
P.O. Dir London Pace, Fredk. (2), 6 Hanway Place Oxford St W
P.O. Dir London Pace, Fredk. (2) 6 Hanway Place Oxford St
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1865 P.O. Dir London
1867 14 Mar (ONS)
1867 P.O. Dir London
1868 13 May Palmers Index
to the Times
1868 22 May The Times
1869 P.O. Dir London
1870 21 Sept Death Certificate
(ONS)
1871 P.O. Dir London
1871 Trade Dir. London
1871 White’s Dir. Sheffield
1871 Census
RG10/237 Folio4
1870-1871 Waterhouse 1993 
1871 -  1872 Waterhouse 1993
1871 Census return 
No Pace listed
1872 31 July Death certificate
(ONS)
Pace, Fredk. (2) Military musical instr maker
4 Gt Russell St, Bloomsbury WC
Death Certificate Charles Pace died aged 64 years of
Asthma[butifrass] 88 [Birstock] Street St Peter
Walworth, C.M. Pace in attendance 37 East Street
Walworth
No Pace’s listed
Bankruptcy -  Pace, Frederick (2) P.6. Col.b
Bankruptcy - Pace, Frederick (2), Portsmouth, 
journeyman musical instrument maker -  May 22 
Portsmouth
No Pace’s listed
Charles Matthew Pace - grandson Charles Pace,19, 
at 22 Hawley Rd, Kentish Town. C.M.Pace present at 
death. Cause of death Inlussuoception 
Gangrene 8days
No Pace’s listed 
No Pace’s listed
No Pace listed
22 Hawley Road, Kentish Town, London 
Charles Pace Head marr. age 44 Pianoforte Tuner 
b. Westminster 
Martha Pace wife, age 45 b. Westminster 
Edward Pace, son, 16 Pianoforte Keymaker, b..Pimlico 
Selina Pace, dau. age 14 b. Pimlico, Middx.
Arthur Pace, son age 7 b. St Giles Middx.
Helena Pace, dau. age 4 b. Kent, Woolwich 
Alfred Pace, son age 20mos b. St Pancras, Middx.
Allen & Pace Mil. Mus. Instr. Mkr 2 Essex Row 
Birmingham
Allen & Pace Mil. Mus. Instr. Maker 
141>4 Norfolk Street Birmingham
141/4 Norfolk Street, Birmingham
6 Ford Street Birmingham
118 High St Portsea Portsmouth (uninhabited)
Charles Matthew Pace son of Charles Pace age 46, 
Sidcup Hill, Chislehurst, Kent, EJ.Pace present at 
death. Cause of death Enlarged liver 2 years.
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1873 P.O. Dir London
1881 Census
RG11/0693 Folio 23 
280 Albany Rd 
Camberwell
1881 Census Return
RG11/3399 f. 124 
9 Newland St 
St Werburgh
Derby
1881 Census
RG11/3008 f.57 
6 Ford Street 
Birmingham
1881 Census Return
RG11/1642 f.53 
Church Road 
Linslade 
Sheffield
1883 Waterhouse 1993
Whites Dir, Sheffield
1883 Waterhouse 1993
Whites Dir. Sheffield
Deliriume Coma 5 days 5 hours. Professor of Music
No Pace’s listed
Martha E.Pace Head, Widow age 55 Musician Teacher 
of Pianoforte, b. Westminster, Middx 
Edward A.Pace son (S) age 27 Carpenter b. Pimlico 
Selina E Pace dau (S) age 24 Mantle Maker b. Pimlico 
Arthur S Pace son (S) age 19 City Warehouseman 
b. Mortlake, Surrey
Alfred S. Pace son (S),11, scholar b. St Pancras Middx 
+ boarders.
Boarders in house of Sarah Towle:
Frederick(2) Pace Lodger, Mar. age 52 Professor of 
Music, b. Surrey, Lambeth
Charles M.Pace son, single age 26 Musician
b. Sheffield
Henry G.Pace son.single age 22 Musician, 
b. Lambeth 
Eva A. Pace dau. single age 13 Musician 
b. Dewsbury,Warks 
John Jelley lodger single age 24 Musician 
b. Leicester
Sophia Ann Pace Head Marr. 50 Lodging House Keeper 
b. Hants Gosport
Ursula Sophia Kerslake dau marr. 24, 
b. Lancs Manchester
C.M. Kerslake son in law marr. 21, Bakers 
Confectioner b. Somerset Banwell 
Annie E. Kerslake Grand dau 3 mos b. Warks, Brum
George W.Alexander Head 41 Pianoforte Tuner
b. Middx.Westminster
Ursula Alexander wife 38 Teacher of Music
b. Kent Bexley Heath
George W. Alexander son 12 scholar
b. Hants Portsmouth
Ursula Beatrice dau 11 scholar b. Hants Portsmouth 
Walter L. son 9 scholar b. Hants Portsmouth 
Alfred J. son 2 b. Beds Leighton Buzzard 
URSULA Mother widow 73, b. Middx.Westminster
Charles Pace, 70 Division Street Sheffield -  
Mus. Instr. Maker
Frederick Pace, 80 West Street -  Mus. Instr. Maker
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1884 19 Mar Death Certificate Ursula Alexander (n6e Griffiths- widow of
(ONS) Frederick Pace (1) & widow of William Alexander
watchmaker) died 70 Division Street Sheffield West 
aged 76 years of cancer of breast. Death notified by 
Sophia Pace daughter in law (wife of Frederick (2)) 
present at the death 70 Division Street Sheffield.
1887-1888 Waterhouse 1993 Geo. Henry Pace Mus. Instr Maker
(various Dir) 86 Division Street, Sheffield
1889-1890 Waterhouse 1993 Geo. Henry Pace Mus. Instr. Maker,
(various Dir) 19 Chapel Walk, Fargate Sheffield
1891 Census Return Frederick H. Pace Head 62 Professor of Music
RG12/3822 F. 13 b. Surrey Lambeth
48 Howard Street Sophia Ann Pace wife 60 b. Hants Gosport 
Sheffield Then listed their Boarders:
1891 Census returns for Sheffield : 80 West Street,
No Pace listed 70 & 86 Division Street,
56 Howard Street 
19 Chapel Walk
1895 Sheffield City Directory Pace, Frederick, Musical Instrument mfr,
80 West street; House - 48 Howard Street
1898 -1899 Waterhouse Geo. Henry Pace Mus. Instr. Maker
(various dir) 8 Camps Lane, Sheffield
1900-1902 Waterhouse(various dir) Geo. Henry Pace ditto 46 Paradise Street, Sheffield
1902-1903 Waterhouse (various Dir) Geo. Henry Pace, ditto 95 West Street, Sheffield
1905 8 Jan Death certificate Martha Elizabeth Pace [ wife of Charles Matthew
Pace] Brixton, Lambeth Aged 79 years widow of 
Charles Matthew Pace Musical Instrument Maker 
(Master) of Bronchitus and Passive congestion of 
the lungs. Notified by her son Edward Arthur Pace 
of Trinity Square, Brixton.
1903-1913 Waterhouse(various dir) Geo. Henry Pace ditto 56 Howard Street
1911 White’s Sheffield Dir. Pace, Geo Hy, Brass musical Instr. Ma.
56 Howard Street S.
1913 > Waterhouse 1993 Cocking & Pace (Geo. Henry?) 14 Paradise Street,
Sheffield
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Addendum Appendix D
As of November 2003 the Boosey & Hawkes Collection is in the care of the 
Horniman Museum, London.
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* = ANALYSED
LOCATION NATURAL
TRUMPET
*Bate Collection Oxford London
FIGURE D.1 LOCATION SIMON BEALE MUSICAL INSTRUMENT -  BY TYPE AND ORIGIN
* = ANALYSED
LOCATION NATURAL
TRUMPET
*Burrell Collection, 
Glasgow
London
*Museum of London London
London
FIGURE D.2 LOCATION AUGUSTINE DUDLEY MUSICAL INSTRUMENTS -  BY TYPE AND ORIGIN
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* = ANALYSED
LOCATION NATURAL
TRUMPET
HORN,
FRENCH
*Homiman Museum London
*Museum of London London
Ashmolean Museum 
Oxford
(Silver)
London
Warwick County 
Museum
(Silver)
London
Private Collection London
FIGURE D.3 LOCATION WILLIAM BULL MUSICAL INSTRUMENTS -  BY TYPE AND ORIGIN
* = ANALYSED
LOCATION SLIDE TRUMPET
*Bate Colin. Oxford London
*Royal College of Music, London London
Corporation of Bristol 
(both dated to 1715/16)
London (Silver) 
London (Silver)
Prof. Meredith Western Ontario 
Faculty of Music (private)
Barwick [Berwick] St 
London
FIGURE D.4 LOCATION JOHN HARRIS MUSICAL INSTRUMENTS -  BY TYPE AND ORIGIN
APPENDIX 
D: LIST 
OF 
M
AKERS, THEIR 
SURVIVING 
INSTRUMENTS 
AND 
LOCATIO
NS
339
* = ANALYSED
LOCATION TRUMPET, NATURAL HORN, FRENCH
*Norfolk Museums Service, 
Castle Museum
Red Lyon St
*Homiman Museum London
•Edinburgh University Historic 
Musical Instrument Collection
London Red Lion St 
Red Lyon St 
Red Lyon St
*Bate Collection Oxford Red Lyon St
•Saltram House, Plymouth Red Lyon St
Ulrich Huber (private) [unknown!
FIGURE D.5 LOCATION NICHOLAS WINKINGS MUSICAL INSTRUMENTS -  BY TYPE AND ORIGIN
* = ANALYSED
LOCATION TRUMPET, NATURAL HORN, FRENCH HORN, ORCHESTRAL
•National Trust, Saltram 
House, Plymouth
Piccadilly, London
•Edinburgh University Historic 
Musical Instrument Collection
Piccadilly, London 
Piccadilly, London
•Bate Collection, Oxford Piccadilly, London 
Piccadilly, London
Warwick County Museum London (Silver)
FIGURE D.6 LOCATION JOHN CHRISTOPHER HOFMASTER MUSICAL INSTRUMENTS -  BY TYPE AND ORIGIN
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* = ANALYSED
LOCATION HORN
*Bate Collection, Oxford Aire St, 
Piccadilly
FIGURE D.7 LOCATION CHRISTIAN BENNET MUSICAL INSTRUMENT -  BY TYPE AND ORIGIN
* = ANALYSED
LOCATION NATURAL TRUMPET
*Bate Collection, Oxford Piccadilly, London
*Gloucester Folk 
Museum
Piccadilly, London 
Piccadilly, London
Judge Galpin (private) Piccadilly, London 
(Natural trumpet 
converted to a slide 
trumpet “Woodham- 
Rodenbostel”)
Knellar Hall, London Field Trumpet
FIGURE D.8 LOCATION GEORGE HENRY RODENBOSTEL MUSICAL INSTRUMENTS -  BY TYPE AND ORIGIN
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* -  ANALYSED (origin is in London)
Location Bugle Bugle
8-keyed
Bugle
7-keyed
Bugle
6-Keyed
Slide
Trumpet
Cornopean
‘Albion’
*Homiman Museum 2 Crown St
FIGURE D. 9 LOCATION CHARLES AND FREDERICK PACE MUSICAL INSTRUMENTS -  BY TYPE AND ORIGIN
* ANALYSED (all origins are in London)
Location Bass Horn 
(Ophicleide)
Slide
Trumpet
Bugle
5-keyed
Bugle
6-keyed
Bugle
7-keyed
Bugle
8-keyed
Trumpet
2-valve
Cornopean
3-valve
Clavicor 
2 valve
Bolling Hall Bradford 15 King St
•Brighton Museum 15 King St
•Derby Museum King St
*John Webb Colin. 15 King St 15 King St
•Frank Tomes 
Collection
15 King 
St
*Glasgow Museum 15 King St
•Boosey & Hawkes 
Collection
21 Crown 
St/King St
•Homiman
Museum
26 Bath 
St, Bristol
•Northampton
Museum
15 King 
St
Metropolitan 
Museum of Art
London 15 King 
St
FIGURE D.10 LOCATION FREDERICK PACE MUSICAL INSTRUMENTS -  BY TYPE AND ORIGIN
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* = ANALYSED (all origins are in London)
LOCATION Bugle Bugle
8-keyed
Bugle
7-keyed
Bugle
6-keyed
Slide
Trumpet
Comet
3-valve
Cornopean
3-valve
Cornopean
2-valve
Liverpool Museum 2 Crown St
*Victoria & Albert Mus. 49 King St
Gemeente Mus. London
Bolling Hall Mus, 
Bradford
London
Cyfarthfa Castle Mus 49 King St London
(?address)
London
Blaise Castle House 
Museum
London 
(Ag plated)
York Castle Museum 49 King St
*Brighton Museum 49 King St 49 King St
*Maidstone Museum London
i
*Homiman Museum 49 King St 2 Crown St 49 King St
*Edinburgh University 
Historic Musical 
Instrument Collection
49 King St 49 King St 
49 King 
St(Ag)
49 King St 
49 King St
*Crispian Steele- 
Perkins
London 49 King St
FIGURE D.11a LOCATION CHARLES PACE MUSICAL INSTRUMENTS -  BY TYPE AND ORIGIN
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Location Bugle Bugle
8-keyed
Bugle
7-keyed
Bugle
6-Keyed
Slide Trumpet Comet
3-valve
‘Stdlzel’
Cornopean
3-valve
Cornopean 
2 valve
* Knellar Hall 49 King St
* Frank Tomes Collection 8 St John St 49 King St 2 Crown St
* John Webb Collection 2 Crown St 
49 King St
49 King St 
49 King St 
49 King St
Christine Marks ( now 
belongs to Crispian 
Steele-Perkins)
49 King St
*Boosey & Hawkes 
Collection, Watford
49 King St 8 John St 
2 Crown St
London 
49 King St
*Bate Collection, Oxford
Kunitachi College, Tokyo London (no of 
keys unknown)
Wigan Heritage Service Keyed Bugle 
(no of keys not 
known,
London
Museum of London Keyed Bugle 
49 King St 
(?no.of keys)
FIGURE D.11b LOCATION CHARLES PACE MUSICAL INSTRUMENTS -  BY TYPE AND ORIGIN
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* = ANALYSED (all origins are in London)
Location Trumpet 
2 valve 
‘Stotlzel’
Trumpet 
3 valve 
‘Stolzel’
French Horn 
2 valve 
Stotlzel
Ophicleide 
11 keyed
Tenoroon 
9 -keyed
Bassoon
6-keyed
*Homiman Museum 49 King St 
49 King St 
49 King St
49 King St
^Edinburgh University 
Collection Historic 
Musical Instruments
49 King St
Abbey House Mus, Leeds 2 Crown St
Royal College Music 2 Crown St
*Frank Tomes Collection 49 King St
\John Webb Colin. London
* Boosey & Hawkes Colin 49 King St 2 Crown St
*Crispian Steel-Perkins 49 King St
*Bate Collection Oxford 49 King St
Kirklees Community 
History Service, 
Huddersfield
49 King St
FIGURE D.11c LOCATION CHARLES PACE MUSICAL INSTRUMENTS -  BY TYPE AND ORIGIN
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* = ANALYSED (all origins are in London)
Location Bugle Bugle
8-keyed
Bugle
7-keyed
Bugle
6-Keyed
Slide
Trumpet
Cornopean
‘Albion*
Cornopean
3-valve
Cornopean 
2 valve
Shibden Hall, Halifax Kent Bugle (- 
no of keys not 
known), 
Westminster
Wigan Heritage Service Keyed Bugle 
(no of keys not 
known), 49 
King St
Bolling Hall, Bradford 49 King St
Blaise Castle House 
Museum, Bristol
49 King St
FIGURE D. 12 LOCATION CHARLES PACE AND SONS MUSICAL INSTRUMENTS -  BY TYPE AND ORIGIN
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* = ANALYSED
Location Bugle Bugle
8-keyed
Bugle
7-keyed
Bugle
6-Keyed
Slide
Trumpet
Cornopean
‘Albion’
Cornopean
3-valve
Cornopean 
2 valve
* Frank Tomes Collection 49 King St
* Edinburgh University 
Collection Historic 
Musical Instruments
8 St John St
Cyfarthfa Castle Museum 8 St John St
Kirklees Community 
History Service 
(Huddersfield)
49 King St
Wigan Heritage Service 49 King St 
(no of keys 
not known)
♦Boosey & Hawkes, 
Watford
8 St John St
FIGURE D.13 LOCATION CHARLES & CHARLES MATTHEW PACE (CHARLES PACE & SON) -  BY TYPE AND ORIGIN
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* ANALYSED
LOCATION TRUMPET, 3-VALVE TENOR TROMBONE
John Webb Collection 181 WardourSt, London 
(Silver)
‘ Edinburgh University 
Collection Historic Musical 
Instruments
181 Wardour St, London 
(Silver plated)
FIGURE D.14 LOCATION GEORGE HENRY PACE MUSICAL INSTRUMENTS - BY TYPE AND ORIGIN
* = ANALYSED
LOCATION SOPRANO TROMBONE
Victoria & Albert Museum Birmingham
FIGURE D. 15 LOCATION ALLEN AND PACE MUSICAL INSTRUMENT -  BY TYPE AND ORIGIN
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A TECHNICAL STUDY OF THE ALLOY COMPOSITIONS OF ‘BRASS’ WIND 
MUSICAL INSTRUMENTS (1651-1867) UTILIZING NON-DESTRUCTIVE
X-RAY FLUORESCENCE.
VOLUME 2 
by
Alice Louise Bacon
A thesis submitted in fulfilment of the requirements for the 
degree of Doctor of Philosophy in Archaeometallurgy
Institute of Archaeology 
University College London 
University of London
2003
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Rim wire 
Bezel
Garland
pMn
Securing wire
First bow 
Bell bow 
Second branch 
Front bow
Tassel
Bellpipe 
Fifth branch
Third branch 
Second yard 
Middle yard 
Lower yard
Pommel
Bauble
Mouthpipe 
Mouthyard 
First yard 
First branch
Binding
Cordage
Wedge
Block
Sleeve
Ferrule
Garnish
Mouthpiece socket
Receiver
Second bow 
Fourth branch 
Rear bow
FIGURE V2.1 THE NAMING OF PARTS OF A NATURAL TRUMPET © OXFORD UNIVERSITY PRESS (Barclay 1992,9)
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Mouthpiece
receiver
Chimney
Key,8 KeyPlate Saddle CrookBell rim
Mouthpiece
Key,3
Garland
Backbow
FIGURE V2.2 THE NAMING OF PARTS OF A BUGLE
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ENTS
Mouthpiece
receiver
Mouthpiece
Top valve cap/ 
Valve
Valve button/ 
Finaer buttons
Finaer hook
a
Tuning slide 
Water keyStay
Lead pipe/moutfipipe
slide Valve 2 /  I, 2 J3 \  Valve 3 
slide /  valves \  slide 
Bottom valve cap Vfl|ve
Tuning slide
FIGURE V2.3 THE NAMING OF PARTS OF A TRUMPET
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APPENDICES E AND F: EXPLANATORY NOTES ON THE INFORMATION SHEETS FOR EACH INSTRUMENT AND FOR FIELD ENTRIES 
TOP PAGE:
• Images of the instrument showing general views of both sides, points of analysis and other sections of interest 
SECOND PAGE:
• Instrument Number: Identifying number assigned by the owner of the musical instrument.
• Instrument I.D: Identifying number for data processing purposes.
• Instrument Name: Name given to musical instrument by the owner with some additions by the author e.g. type of valve such as Stolzel.
• Owner: Name of owner.
• Maker’s Name: Full name of maker.
• Period: The possible known dates for the working period of the maker. This is the equivalent to Waterhouse’s floruit (fl) meaning flourished was 
active as maker (1993,xxxvii). Outside dates can be taken, for example, from the address of the maker e.g. Frederick Pace, 15 King Street, 
Westminster which by Rate Books and Trade Directories the firm is known to have been working from that address between 1828 and 1851, or 
by known current biographical information such as Nicholas Winkings nothing is known about him prior to his marriage in 1732 which is also
when he takes on the lease for his working premises at Red Lion Street, he dies in 1768.
• Chrono’ Date: Short for chronology date. For ordering the database a single date for each instrument had to be settled on. Inscribed dated
instruments are self-explanatory. The method of arriving at dates for other instruments is explained in more detail in Chapter 11. The most
common method was taking the mean date from the ‘Period’ dates. Other methods include historical evidence relating to the instruments such 
as the Winkings and Hoffmaster horns, dates attributed by style or art historical information by musicologists and other experts.
• Maker’s inscription: The inscription is usually to be found on the garland or on the bell.
• History: Any information that can be related to the instrument in relation to its antecedents, owners etc.
• Repairs: repairs noted by observation, by personal communication from the owners or by published reports.
• Comments: A general summary in words of the composition of the metal alloy/s, as interpreted by the author, based on the analytical data.
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• Section N o... Summary: A summary of the parts (Sections) examined and their general composition. All figures are rounded up to whole 
percentages. Date of the analysis, location of the XRF unit, KV, and identifying analysis number is also included. RLAHA = Research 
Laboratory for Archaeology and the History of Art (Oxford University), NMS = National Museums of Scotland (Edinburgh), V&A = Victoria and 
Albert Museum, London, TOL = Tower of London (Royal Armouries when it was based in London), IOA = Institute of Archaeology (London), 
BMRL= British Museum Research Laboratory (London).
THIRD PAGE:
• Repeat of first six fields above
• Section No: a number identifies each section or part of instrument analysed.
• Weight percent: The full analysis for each part of the instrument identified by the Section No above.
• Note: in Appendix E. Magnifications cited for the sections are for the objective used. A x10 eyepiece was also used.
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354 General view of surviving parts with sample holes
Inscription B.CAZZANI & CO MILANO 
Detail of scar left by sample hole
FIGURE E.1 TROMBONE BY CAZZANI OF MILAN (LATER RAMPONE & CAZZAND. ANDREW LAMB (LB1)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
Repairs
Comments
LB1
TROMBONE
Andrew Lamb 
Ram pone & Cazzani Period
PREM STAB/ B.CAZZANI & CO/ MILAN
Instrument I.D. 6
late C19th Chrono Date 1905
Trombone belongs to Musician and musical instrument conservator Andrew Lamb. He acquired it in 1988 as a collection of spares from Ken Collins late 
Lecturer at the then London College of Furniture. Collins acquired the parts for Lamb from Boosey & Hawkes,Musical Instrument Repair Department. The 
Inscription is overstamped with the Rampone and Cazzani MarlcRampone went into partnership with Cazzani in 1920. Hence the chrono' date for this 
instrument.
Only the bell and parts of the frame survive which is why it has been possible to sample this instrument. Broken tubes have been taped up in the past 
to reinforce them.
Direct method brass. Approx.68:32 copper/zinc. Surface spot analysis was carried out using XRF at the NMS and RLAHA, and line scan over night by EPMA 
at the IOA. Thickness of metal about 0.4mm.
Section No. Section Date KV Number Location
1 Braze - to bell pipe - raw ds 15-Oct-99 25 1 IOA 65%
2 Braze, bell pipe - norm' dat 15-Oct-99 25 1 IOA 67%
3 Tube, to slide, raw data 23-May-00 25 12 IOA 65%
4 Bell, surface, near hole 28-Jun-02 40 HM217b RLAHA 68%
5 Stay to frame 23-May-00 25 19 IOA 68%
6 Tube, inner, before cleaninj 18-NOV-99 35/50 F118703B NMS 68%
7 Tube, inner, after cleaning I 18-Nov-99 35/50 F118915B NMS 68%
8 Tube, before cleaning (1) - 17-Dec-99 25 4 IOA 67%
9 Tube, inner, before cleanin< 18-Nov-99 35/50 F118704B NMS 68%
10 Tube, inner, after cleaning ( 18-Nov-99 35/50 F118914B NMS 67%
11 Tube, outer, before cleanin* 18-NOV-99 35/50 F118702B NMS 67%
12 Tube, outer, after cleaning i 18-NOV-99 35/50 F118912B NMS 67%
13 Tube, outer, before cleaninj 18-Nov-99 35/50 F118705B NMS 67%
14 Tube, outer, after cleaning i 18-Nov-99 35/50 F118913B NMS 67%
15 Braze to bell 18-Nov-99 35/50 F118702B NMS 66%
Summary
i Zinc + some Fe, Si, Bi
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Instrument Number LB1
Instrument Name 
Maker's Name 
Section No.
Weight percent-
TROMBONE
Ram pone & Cazzani Period
1 Braze - to bell pipe - raw data
2 Braze , bell pipe - norm* data
3 Tube, to slide, raw data
4 Bell, surface, near hole
5 Stay to frame
6 Tube, inner, before cleaning (1)
7 Tube, inner, after cleaning (1)
8 Tube, before cleaning (1) - raw data
9 Tube, inner, before cleaning (2)
10 Tube, inner, after cleaning (2)
Ag As Au Bi Cd Cu Co Fe
1 0.02 0.00 0.00 0.00 0.00 66.17 0.00 0.04
2 0.02 0.00 0.00 0.00 0.00 66.46 0.00 0.04
3 0.01 0.00 0.00 0.00 0.03 65.79 0.00 0.00
4 0.00 0.00 0.00 0.00 0.00 67.53 0.01 0.11
5 0.00 0.00 0.00 0.00 0.05 67.30 0.00 0.02
6 0.00 0.00 0.00 0.00 0.00 67.18 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00 67.60 0.00 0.09
8 0.00 0.00 0.00 0.192 0.00 66.943 0.00 0.170
9 0.00 0.00 0.00 0.00 0.00 68.38 0.00 0.17
10 0.00 tr 0.00 0.00 0.00 6720 0.00 0.0689
11 0.00 0.00 0.00 0.00 0.00 67.35 0.00 0.0643
12 0.00 0.00 0.00 0.00 0.00 67.32 0.00 0.0604
13 0.00 0.00 0.00 0.00 0.00 67.25 0.00 0.0620
14 0.00 0.00 0.00 0.00 0.00 67.30 0.00 0.0700
15 0.00 0.00 0.00 0.00 0.00 65.61 0.00 0.11
Instrument I.D. 6
late C19th Chrono Date 1905
11 Tube, outer, before cleaning (1)
12 Tube, outer, after cleaning (1)
13 Tube, outer, before cleaning (2)
14 Tube, outer, after cleaning (2)
15 Braze to beH
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.02 0.05 0.01 0.01 0.00 0.00 0.06 0.00 32.02 98.40
0.00 0.00 0.05 0.01 0.01 0.00 0.00 0.06 0.00 32.15 98.80
0.00 0.00 0.04 0.00 0.00 0.03 0.00 0.00 0.00 34.01 99.91
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 32.34 99.99
0.00 0.00 0.03 0.00 0.02 0.00 0.00 0.02 0.00 32.34 99.78
0.00 0.00 0.00 0.35 0.00 0.00 0.00 0.09 0.00 31.72 99.34
0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.05 0.00 32.18 99.97
0.00 0.018 0.076 0.00 0.00 0.00 0.686 0.051 0.085 31.763 100.698
0.00 0.00 0.00 0.13 0.00 0.00 0.00 tr 0.00 31.23 99.91
0.00 0.00 0.00 0.088 0.00 0.00 0.00 0.00 0.00 32.53 99.53
0.00 0.00 0.00 0.0846 0.00 0.00 0.00 tr 0.00 32.41 99.76
0.00 0.00 0.00 0.12 0.00 0.00 0.00 tr 0.00 32.43 99.87
0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 32.47 99.86
0.00 0.00 0.00 0.13 0.00 0.00 0.00 tr 0.00 32.41 99.84
0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.12 0.00 34.01 99.97
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General view to left
Bell
HM210a
Detail holes on underside of trumpet
General view to right
Inscription HENRY POTTER & CO CHARING 
CROSS ROAD with date 1920 Copper plated surface over brass, 
a phase annealed structure (x10)
FIGURE E.2 TRUMPET BY HENRY POTTER & CO, ANTHONY P. BRENTON (LB5)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
LB5 Instrument I.D.
TRUMPET
Anthony P. Brenton
Henry Potter & Co Period 1904-1950 Chrono Date
Unicorn head/ HENRY POTTER & CO/ 36.38 WEST ST/ CHARING+ROAD/ LONDON/1920
1920
Bought by Anthony P. Brenton at a Boot Sale in Kent in 2001 and loaned to Louise Bacon for sampling for PhD. The number 1920 on the bell is the date 
(personal communication Peter Woods of Potter's Aldershot).The mouthpiece is by Potter:1 Potter Aldershot*. George Potter, brother to Henry set up 
in Aldershot in 1859. The whole Potter Firm and archive is now housed there.
Repairs Re-inforcing rim to bell coming away. Whole body dented and deformed.Two holes cut in tube and bell for metal samples by LB.
Comments The bugle is brass with a plating of copper over the surface. The surface XRF only picks up the copper. EPMA was used to examine the body, as the
brass can only be seen in a cut section. Mouthpiece: nickel plated brass. Thickness of metal at bell approx.
Section No. Section Date KV Number Location Summary
1 Bell, outer surface - raw dal 16-Aug-01 25 63 IOA 95 % Copper- surface very irregular
2 Bell, inner surface - raw dal 15-Nov-01 25 32 IOA 65%  Copper/35%  Zinc
3 Mouthpiece - surface - norr 18-Jun-02 40 HM210C RLAHA 65 % Copper / 33 % Zinc / 1 % Sn + some Pb
4 Bell - surface - near sample 17-Jun-02 40 HM210a RLAHA 100% Copper
5 Mouthpiece - surface - whit 17-Jun-02 40 HM210b RLAHA 60 % Nickel / 31 % Copper / 8 % Zinc + some Co, Fe Sn
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Instrument Number LB5
Instrument Name 
Maker's Name 
Section No.
TRUMPET
Henry Potter & Co Period
1 Bell, outer surface - raw data
2 Bell, inner surface - raw data
3 Mouthpiece - surface - norm
4  Bell - surface - near sample hole
5 Mouthpiece - surface - white metal
Weight percent - Ag As Au Bi Cd Cu Co Fe
1 0.02 0.00 0.00 0.07 0.01 95.09 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 64.69 0.00 0.02
3 0.00 0.00 0.00 0.00 0.00 65.00 tr 0.00
4 0.00 0.00 0.00 0.00 0.00 99.99 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 31.24 0.11 0.34
Instrument I.D. 4
1904-1950 Chrono Date 1920
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.02 0.00 0.04 0.00 0.01 0.00 0.00 0.04 0.00 95.30
0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.02 0.00 34.94 99.70
0.00 0.00 nd 0.50 0.00 0.00 0.00 1.03 0.00 33.00 100.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 tr 99.99
0.00 0.00 59.13 0.00 0.00 0.00 0.00 0.87 0.00 8.31 100.00
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General view to rightGeneral view to left
Bell
HM211a
Section showing a phase annealed structure (x10)
Detail sample holes Inscription MAYERS & HARRISON & date 1932
FIGURE E.3 BUGLE BY MAYERS & HARRISON. LOUISE BACON (LB3)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
LB3 Instrument I.D. 2
BUGLE
Louise Bacon
Mayers & Harrison Lt Period 1923-1950 Chrono Date 1932
MAYERS & HARRISON LTD/ MAKERS/ MANCHESTER/ ENGLAND/1932
Bought by Anthony P.Brenton at a Boot Sale in Kent in 2001. Donated to Louise Bacon for PhD purposes 2001. C45 scratched onto Ferrule, 1.
Repairs Large patch to back bow.Two holes cut, one in bell, and one in tube for metal samples by LB.
Comments Bell and body: direct method 70:30 brass. Silver plated mouthpiece with instrument inscribed: Hawkes 1 Model T. Two samples cut from tube and bell 
for section analysis by EPMA. Spot surface test by XRF carried out by RLAHA
wO)
Section No. Section Date KV Number Location
1 Bell - body 16-Aug-01 25 73 IOA 70%  Copper/30%  Zinc
2 Bell - outer surface 16-Aug-01 25 59 IOA 70%  Copper/30%  Zinc
3 Bell, near hole 17-Jun-02 40 HM211a RLAHA 67 % Copper / 33 % Zinc
4 Tube - outer surface 16-Aug-01 25 61 IOA 70 % Copper/ 30 % Zinc
Summary
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
LB3
BUGLE
Mayers & Harrison Lt
Bell - body 
Bell - outer surface 
Bell, near hole 
Tube - outer surface
Period
Weight percent - Ag As Au Bi Cd Cu Co Fe
1 0.05 0.00 0.00 0.00 0.00 70.36 0.00 0.00
2 0.01 0.00 0.00 0.15 0.00 70.07 0.00 0.01
3 0.00 0.00 0.00 0.00 0.00 66.54 0.00 0.00
4 0.00 0.00 0.00 0.136 0.00 69.926 0.00 0.010
Instrument I.D. 2
1923-1950 Chrono Date 1932
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.03 0.00 29.61 100.07
0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 30.33 100.60
0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 0.00 33.46 100.00
0.00 0.040 0.003 0.00 0.017 0.00 0.00 0.033 0.00 29.834 100.00
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General view to left
Inscription BESSON & CO Detail showing sample holes
General view to right
Section showing a phase annealed structure (X20)
FIGURE E.4 TRUMPET BY BESSON & CO. LOUISE BACON (LB9)
APPENDIX 
E: THE 
SACRIFICIAL 
INSTRUM
ENTS 
AND 
THEIR 
FULL 
ANALYSES
Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
LB9 Instrument I.D.
TRUMPET
Louise Bacon 
Period 1935-1948 Chrono DateBesson & Co 
BESSON & CO/ LONDON
Bought by Anthony P.Brenton at a Boot Sale in Kent in 2001 and donated to Louise Bacon for sampling for PhD purposes
1940
Repairs Whole instrument badly dented and bashed about.Two holes cut for taking metal samples by LB. Dried remains of old cleaning polish in crevices
Comments Bell and body: direct method brass.
coo>
on No. Section Date KV Number Location
1 Tube, outer surface - norm' 16-Aug-01 25 26 IOA 68% Copper/3 2 % Zinc
2 Bell, inner surface - norm' 15-Aug-01 25 41 IOA 70% Copper/3 0 % Zinc
3 Tube, inner surface - norm' 16-Aug-01 25 51 IOA 70% Copper/3 0 %Zinc
4 Bell, body - norm’ 14-Aug-01 25 21 IOA 70% Copper/3 0 % Zinc
S Bell - near to sample hole 17-Jun-02 40 HM206a RLAHA 70% Copper/3 0 % Zinc
Summary
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Instrument Number LB9
Instrument Name 
Maker's Name 
Section No.
Besson & Co
1 Tube, outer surface - norm’
2 Bell, inner surface - norm'
3 Tube, inner surface - norm'
4  Bell, body - norm'
5 Bell - near to sample hole
TRUMPET
Period
Weight percent - Ag As
1 0.01 0.00
2 0.03 0.00
3 0.02 0.00
4 0.02 0.00
5 0.00 0.00
Au Bi Cd
0.00 0.05 0.00
0.00 0.00 0.00
0.00 0.01 0.00
0.00 0.00 0.01
0.00 0.00 0.00
Cu Co Fe
67.83 0.00 0.01
69.16 0.01 0.04
69.21 0.00 0.04
69.46 0.00 0.01
70.23 0.00 0.07
Instrument I.D. 3
1935-1948 Chrono Date 1940
Mg Mn Ni Pb S Sb Si Sn Tl Zn Total
0.00 0.03 0.00 0.01 0.00 0.01 0.00 0.00 0.11 31.99 100.05
0.00 0.02 0.01 0.03 0.12 0.00 0.00 0.01 0.00 30.58 100.00
0.00 0.01 0.02 0.03 0.19 0.01 0.00 0.00 0.01 30.36 100.00
0.00 0.01 0.02 0.07 0.00 0.02 0.00 0.00 0.00 30.38 100.00
0.00 0.00 0.00 0.35 0.00 0.00 0.00 0.00 0.00 29.34 99.99
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General view to left
HM209a
General view to right
t b
Section showing a phase annealed structure 
Detail sample holes and point of analysis
FIGURE E.5 TRUMPET BY BARRATT. LOUISE BACON (LB7)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
LB7 Instrument I.D.
TRUMPET
Louise Bacon
Barratt Period 1925-1950 Chrono Date
Barratts/ MADE IN ENGLAND
Bought by Anthony P. Brenton at a Boot sale in Kent and donated to Louise Bacon for sampling for PhD work.
1950
Repairs Very corroded around mouthpiece receiver.
Comments Bell and body: direct method brass. Tube metal is slightly different brass composition to the bell. Thickness of metal at bell approx. 0.9mm
wo>
Section No. Section Date KV Number Location
1 Bell - near sample hole 17-Jun-02 40 HM209a RLAHA
2 Bell - body - norm' 14-Aug-01 25 28 IOA
3 Tube-body-norm' 16-Aug-01 25 11 IOA
Summary
68 % Copper / 32 % Zinc + some Fe, Pb 
68 % Copper / 31 % Zinc + some Pb, S, Ti 
71 % Copper / 29 % Zinc
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
Weight percent-
1
2
3
LB7
Barratt
Bell - near sample hole 
Bell - body - norm'
Tube- body - norm'
Ag As Au Bi
0.00 0.19 0.00 0.00
0.00 0.00 0.00 0.09
0.00 0.00 0.00 0.00
TRUMPET
Period
Cd Cu Co Fe
0.00 67.51 0.00 0.09
0.00 68.58 0.00 0.01
0.00 71.17 0.00 0.00
Instrument I.D. 7
1925-1950 Chrono Date 1950
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 32.11 99.99
0.00 0.02 0.02 0.08 0.15 0.01 0.00 0.00 0.15 30.89 100.00
0.00 0.03 0.00 0.00 0.00 0.01 0.00 0.01 0.00 28.77 100.00
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General view to left General view to right
HM208a
^  ^ -
Inscription BARRATTS MADE IN ENGLAND Section showing a phase annealed structure (x10)
Detail sample holes and point of 
analysis
FIGURE E.6 TRUMPET BY BARRATT. LOUISE BACON (LB8)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
LB8 Instrument I.D. 8
TRUMPET
Louise Bacon
Barratt Period 1925-1950 Chrono Date
Barratts/ MADE IN ENGLAND
Bought by Anthony P. Brenton at a boot sale in Kent in 2001 and donated to Louise Bacon for sampling for PhD purposes
Repairs None obvious.
Comments Bell and body : direct method brass. Thickness of metal at bell approx. 0.8mm.
co
's io
Section No. 
1 
2 
3
Section 
Bell near sample hole 
Bell, body - norm' 
Tube, body - norm'
Date
17-Jun-02
14-Aug-01
14-Aug-01
KV
40
25
25
Number
HM208a
12
15
Location
RLAHA
IOA
IOA
68 % Copper / 32 % Zinc 
68 % Copper / 32 % Zinc 
71 % Copper / 29 % Zinc
Summary
1950
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Instrument Number LB8
Instrument Name 
Maker's Name 
Section No.
Barratt
TRUMPET
Period
1 Bell near sample hole
2 Bell, body - norm'
3 Tube, body - norm'
Weight percent-
co
~vl
Ag As
1 0.00 0.00
2 0.00 0.00
3 0.03 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.07 0.02
0.00 0.00 0.00
Cu Co Fe
68.25 0.00 0.00
68.10 0.00 0.02
70.90 0.00 0.01
Instrument I.D. 8
1925-1950 Chrono Date 1950
Mg Mn N1 Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 31.74 99.99
0.00 0.03 0.01 0.00 0.04 0.00 0.00 0.04 0.00 31.13 100.00
0.00 0.02 0.00 0.04 0.07 0.00 0.00 0.00 0.00 28.94 100.00
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Top images: general views to left and right
Detail of sample holes showing ‘slippage’ of drill
Inscription JECI—  ENGLAND
FIGURE E.7 COACHING HORN BY AN UNKNOWN MAKER, LOUISE BACON (LB6)
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Instrument Number
Instrument Name
Owner
Maker’s Name 
Maker's Inscription 
History
LB6 Instrument I.D. 11
HORN, COACHING
Louise Bacon 
Period C20th Chrono DateJeci..
Jeci.[llleg]/ ENGLAND
Bought by Anthony P. Brenton at a boot sale in Kent 2001. Donated to Louise Bacon for sampling for PhD purposes.
Repairs None obvious.
Comments All copper. Thickness of metal at bell approx. 0.9mm.
ion No. Section Date KV Number Location
1 Bell - surface - near sample 17-Jun-02 40 HM207a RLAHA 100 % Copper
2 Solder - surface - between 17-Jun-02 40 HM id RLAHA 45 % Ag /1 7  % Cu /1 9  % Cd /1  % Zn
3 Bell - inner surface - norm' 15-Aug-01 25 38 IOA 99 % Copper
4 Bell - inner surface - raw ds 15-Aug-01 25 38 IOA 99 % Copper
5 Tube - inner surface - norm 15-Aug-01 25 40 IOA 99 % Copper + some Pb, Zn
6 Tube - inner surface - raw c 15-Aug-01 25 40 IOA 99 % Copper
7 Bell - outer surface - norm' 14-Aug-01 25 16 IOA 99 % Copper
8 Bell - outer surface - raw ds 14-Aug-01 25 16 IOA 99 % Copper
9 Tube - outer surface - norm 14-Aug-01 25 19 IOA 99 % Copper
10 Tube - outer surface - raw c 14-Aug-01 25 19 IOA 99 % Copper
Summary
1970
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Instrument Number LB6
Instrument Name 
Maker's Name 
Section No.
Weight percent -
HORN, COACHING
Jeci.. Period
1 Bell - surface - near sample hole
2 Solder - surface - between Bell and Bell pipe
3 Bell - inner surface - norm1
4 Bell - inner surface - raw data
5 Tube - inner surface - norm1
6 Tube - inner surface - raw data
7 Bell - outer surface - norm’
8 Bell - outer surface - raw data
9 Tube - outer surface - norm’
10 Tube - outer surface - raw data
Ag As Au Bi Cd Cu Co Fe
1 0.00 0.00 0.00 0.00 0.00 99.93 0.00 0.00
2 44.80 0.00 0.00 0.00 19.50 17.40 0.00 0.17
3 0.034 0.00 0.00 0.00 0.006 99.655 0.001 0.00
4 0.034 0.00 0.00 0.00 0.00 99.590 0.001 0.00
5 0.016 0.00 0.00 0.04 0.01 98.84 0.00 0.00
6 0.016 0.00 0.00 0.036 0.014 95.028 0.00 0.00
7 0.004 0.00 0.00 0.050 0.026 99.812 0.00 0.00
8 0.004 0.00 0.00 0.048 0.025 95.589 0.00 0.00
9 0.022 0.00 0.00 0.071 0.00 99.254 0.00 0.00
10 0.022 0.00 0.00 0.070 0.00 97.581 0.00 0.00
Instrument I.D. 11
C20th Chrono Date 1970
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 tr 99.99
0.00 0.00 0.00 0.90 0.00 0.00 0.00 0.00 0.00 0.90 100.07
0.00 0.003 0.00 0.042 0.153 0.00 0.00 0.024 0.025 0.00 100.00
0.00 0.003 0.00 0.042 0.153 0.00 0.00 0.024 0.025 0.00 0.00
0.00 0.00 0.00 0.14 0.17 0.01 0.00 0.01 0.02 0.76 100.00
0.00 0.001 0.00 0.129 0.161 0.008 0.00 0.007 0.017 0.726 0.00
0.00 0.016 0.00 0.00 0.020 0.00 0.00 0.031 0.041 0.00 100.00
0.00 0.015 0.00 0.00 0.019 0.00 0.00 0.030 0.039 0.00 0.00
0.00 0.022 0.00 0.010 0.002 0.002 0.584 0.00 0.035 0.00 100.00
0.00 0.022 0.00 0.009 0.002 0.002 0.574 0.00 0.034 0.00 0.00
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Bell
HM213a
General view to left General view to right with point of analysis
Mouthpiece
HM213b
Mouthpiece inscribed VINCENT 
BACH with point of analysis
Section showing annealed copper (x10)
FIGURE E.8 BUGLE BY AN UNKNOWN MAKER. LOUISE BACON (LB4)
Detail sample holes 
and collar repair
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
LB4 Instrument I.D.
BUGLE
Louise Bacon
Anon (2) Period C20th
None Mouthpiece inscribed W. Vincent Bach
Bought by Anthony P. Brenton at a boot sale in Kent in 2001. Donated to Louise Bacon for PhD purposes.
10
Chrono Date
Repairs Patch on back bow and 2 collar repairs to tubing.
Comments Body: Copper. Garland: not analysed. Mouthpiece: direct method brass. Two sample holes cut one in the tube, one in the bell.
Section No. Section
1 Bell - norm' - to right of sarr
2 Mouthpiece - norm'-byVit
3 Tube, 1- general - norm'
4  Tube 1, general, raw data
5 Bell - inner surface - norm'
6 Bell - inner surface - raw ds
7 Tube, 1 - outer surface - no
8 Tube 1 - outer surface - rav
Date KV Number Location
18-Jun-02 40 HM213a RLAHA
18-Jun-02 40 HM213b RLAHA
12-Nov-01 25 13 IOA
12-Nov-01 25 13 IOA
16-Aug-01 25 68 IOA
16-Aug-01 25 68 IOA
16-Aug-01 25 57 IOA
16-Aug-01 25 57 IOA
Summary
100% Copper
61 % Copper/38 % Zinc + some Fe, Pb 
99 % Copper /1 % Zinc 
99 % Copper 11 % Zinc 
99 % Copper + some Pb, Zn
98 % Copper + some Mg, Pb, Zn 
99%  Copper + some Zn
99 % Copper + some Zn
1970
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Instrument Number 
Instrument Name 
Maker’s Name 
Section No.
1
2
3
4
5
6
LB4
Weight percent -
BUGLE
Anon (2)
Bell - norm' - to right of sample hole 
Mouthpiece - norm' - by Vincent Bach Corp 
Tube, 1- general - norm'
Tube 1, general, raw data 
Bell - inner surface - norm'
Bell - inner surface - raw data
Period
7 Tube, 1 - outer surface -• norm'
8 Tube 1 - outer surface - raw data
Ag As Au Bi Cd Cu Co
1 0.00 0.00 0.00 0.00 0.00 99.99 0.00
2 0.00 0.00 0.00 0.00 0.00 60.71 0.00
3 0.02 0.00 0.00 0.00 0.00 98.85 0.09
4 0.02 0.00 0.00 0.00 0.00 98.77 0.01
5 0.012 0.00 0.00 0.00 0.00 99.66 0.00
6 0.01 0.00 0.00 0.00 0.00 97.86 0.00
7 0.04 0.00 0.00 0.02 0.00 99.03 0.00
8 0.04 0.00 0.00 0.02 0.00 97.89 0.00
Fe
0.00
0.17
0.00
0.00
0.00
0.00
0.00
0.00
Instrument I.D. 10
C20th Chrono Date 1970
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00 tr 100.19
0.00 0.00 0.00 0.83 0.00 0.00 0.00 tr 0.00 38.29 100.00
0.00 0.02 0.00 0.00 0.04 0.00 0.00 0.01 0.04 1.00 100.07
0.00 0.02 0.00 0.00 0.04 0.00 0.00 0.01 0.04 1.00 99.91
0.09 0.01 0.00 0.09 0.00 0.00 0.00 0.00 0.004 0.094 99.99
0.09 0.01 0.00 0.09 0.00 0.00 0.00 0.00 0.04 0.09 98.19
0.00 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.04 0.85 100.00
0.00 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.04 0.84 98.86
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General view to left -  sample cut across brazing to bell General view to right showing sample cut from bell and tube
Outer surface of tube sample opened up 
Inner surface of tube sample opened cleaned points of analysis
up with uncleaned points of analysis
Detail of sample across brazing to bell
FIGURE E.9 BUGLE. ANONYMOUS MAKER, LOUISE BACON (LB2)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
LB2 Instrument I.D. 9
Anon (1)
BUGLE
Louise Bacon 
Period C20th Chrono Date 1970
None
Bought by Louise Bacon at Greenwich Market in 1999 for £10.00. The regimental badge on the bell is probably a fake and is very badly stuck on.
According to Andrew Lamb, many of these bugles were from Pakistan and made for the Pakistan army. There werequite a few on sale in Greenwich Market 
. One has been given to the Horniman Museum.
Repairs None obvious
Comments Bell and body: Copper with a small amount of zinc. Garland: direct method brass. Brazing: 68:30 copper/zinc. A sample of tubing was cut open and 
both inner and outer surfaces examined, before and after cleaning, by XRFat the NMS. A scan across a section of the bell was carried out over night 
on the EPMA at the IOA.
Section No. Section Date KV Number Location SU!
1 Garland, white/grey areas- 22-May-00 25 1 IOA 56 % Copper / 42 % Zinc / 2% Tin
2 Garland - grey background 22-May-00 25 2 IOA 60 % Copper / 39 % Zinc / 1% Tin
3 Garland - smaller white/gre1 22-May-00 25 5 IOA 60 % Copper / 40 % Zinc + some Ni, Sn
4 Garland - inner curve - grey 22-May-OO 25 8 IOA 64 % Copper / 36 % Zinc + some Fe, Ni, Sn
5 Bell - surface - below samp 18-Jun-02 40 HM212a RLAHA 97 % Copper 13% Zinc
6 Bell - general spot 10-Aug-99 20 SEM1 IOA 98 % Copper / 2 % Zinc
7 Tube, outer, before cleanini 18-Nov-99 35/50 F118917B NMS 97 % Copper / 3 % Zinc
8 Tube, outer, after cleaning i 18-NOV-99 35/50 F119084B NMS 97 % Copper / 3 % Zinc
9 Tube, outer, before cleanini 18-Nov-99 35/50 F118918B NMS 97 % Copper / 3 % Zinc
10 Tube, outer, after cleaning i 18-NOV-99 35/50 F119086B NMS 98 % Copper 13% Zinc
11 Tube, inner, before cleanini 18-Nov-99 35/50 F118919B NMS 96 % Copper / 3 % Zinc / 1 % Lead
12 Tube, inner, after cleaning ( 18-Nov-99 35/50 F119080B NMS 98 % Copper / 2 % Zinc + some Pb
13 Tube, inner, before cleanini 18-Nov-99 35/50 F118920B NMS 97 % Copper / 3 % Zinc + some Pb
14 Tube, inner, after cleaning ( 18-NOV-99 35/50 F119081B NMS 78 % Copper / 2 % Zinc /19 % Lead
15 Bell, Braze 18-Nov-99 35/50 F118916 B NMS 68 % Copper / 30 % Zinc /1 % Tin
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Instrument Number LB2
Instrument Name 
Maker's Name 
Section No.
Weight percent -
BUGLE
Anon (1) Period
1 Garland, white/grey areas- raw data
2 Garland - grey background - raw data
3 Garland - smaller white/grey areas - raw data
4  Garland - inner curve - grey edge - raw data
5 Bell - surface - below sample hole
6 Bell - general spot
7 Tube, outer, before cleaning (1)
8 Tube, outer, after cleaning (1)
9 Tube, outer, before cleaning (2)
10 Tube, outer, after cleaning (2)
Ag As Au Bi Cd Cu Co Fe
1 0.00 0.00 0.00 0.04 0.00 56.38 0.00 0.06
2 0.04 0.00 0.00 0.00 0.00 59.63 0.00 0.05
3 0.04 0.00 0.00 0.00 0.00 60.44 0.00 0.04
4 0.024 0.00 0.00 0.023 0.00 63.556 0.005 0.103
5 0.00 tr 0.00 0.00 0.00 97.00 0.02 0.08
6 0.00 0.00 0.00 0.00 0.00 97.89 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00 97.27 0.00 tr
8 0.00 0.00 0.00 0.00 0.00 97.25 0.00 tr
9 0.00 0.00 0.00 0.00 0.00 97.43 0.00 0.00
10 0.00 0.00 0.00 0.00 0.00 97.35 0.00 0.00
11 0.00 0.00 0.00 0.00 0.00 96.14 0.00 0.00
12 0.00 0.00 0.00 0.00 0.00 97.61 0.00 0.00
13 0.00 0.00 0.00 0.00 0.00 96.94 0.00 0.00
14 0.00 0.00 0.00 0.00 0.00 78.43 0.00 0.00
15 0.00 0.00 0.00 0.00 0.00 68.33 0.00 0.13
Instrument I.D. 9
C20th ChronoDate 1970
11 Tube, inner, before cleaning (2)
12 Tube, inner, after cleaning (2)
13 Tube, inner, before cleaning (1)
14 Tube, inner, after cleaning (1)
15 Bell, Braze
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.12 0.02 0.03 0.00 0.00 2.06 0.00 41.77 100.48
0.00 0.01 0.09 0.00 0.00 0.00 0.00 1,41 0.00 38.49 -
0.00 0.01 0.10 0.04 0.04 0.00 0.00 0.72 0.00 39.25 -
0.00 0.026 0.109 0.163 0.00 0.00 0.00 0.576 0.003 36.407 -
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.75 99.85
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.04 100.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.63 100.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.68 99.93
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.49 99.92
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.62 99.97
0.00 0.00 0.00 1.36 0.00 0.00 0.00 0.00 0.00 2.45 99.95
0.00 0.00 0.00 0.0740 0.00 0.00 0.00 0.00 0.00 2.25 99.96
0.00 0.00 0.00 0.53 0.00 0.00 0.00 0.00 0.00 2.48 99.95
0.00 0.00 0.00 19.50 0.00 0.00 0.00 0.00 0.00 2.00 99.93
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.24 0.00 30.24 99.92
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription
History
BWB83[335]<225> Instrument I.D. 54
Unknown
TRUMPET
Museum of London 
Period 1350- 1400 Chrono Date 1380
None
Found during excavations at the Billingsgate site in London by a team from the Dept of Urban Archaeology (then part of the Museum of London). Dated 
to the late 14th century. Now part of the Museum of London collections (GSJ 1988)
Repairs Original replacement Tube, 2. Otherwise - as excavated.
Comments Analysed by the British Museum (BMRL) in 1985. Mostly a cementation brass, but the repaired section and the mouthpiece section are both 
copper/tin/zinc alloy (GSJ XLIV1991, BMRL report to MOL and this thesis).
on No. Section Date KV Number Location Summary
1 Bell end section 31-Oct-85 0 BM5 BMRL 75% Copper / 24 % Zinc + some Pb, Sn
2 Repaired section 31-Oct-85 0 BM2 BMRL 86% Copper / 10 % Zinc / 4% Tin + some Ag, Pb
3 Mouthpiece section 31-Oct-85 0 BM1 BMRL 86% Copper / 8 % Zinc / 6 % Tin + some Pb
4 Repaired section 31-Oct-85 0 BM2 BMRL 86% Copper / 10 % Zinc / 4% Tin + some Ag, Pb
5 Repaired section (2) 31-Oct-85 0 BM3 BMRL 88% Copper / 5 % Zinc / 4 % Tin + some Ag, As, Pb, Sb
6 Knopped section 31-Oct-85 0 BM4 BMRL 76% Copper / 24 % Zinc + some Pb, Sn
7 Mouthpiece 31-Oct-85 0 BM6 BMRL 85% Copper / 8 % Zinc / 3% Tin + some Ag, As, Sb
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Instrument Number 
Instrument Name 
Maker's Name
IWB83[335]<225
Unknown
TRUMPET
Period
Section No.
1 Bell end section
2 Repaired section
3 Mouthpiece section
4  Repaired section
5 Repaired section (2)
6 Knopped section
7 Mouthpiece
Weight percent - Ag As Au Bi Cd Cu Co Fe
1 tr tr 0.00 0.00 0.00 75.00 0.00 0.00
2 0.10 tr 0.00 0.00 0.00 86.00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 86.00 0.00 0.00
4 0.10 tr 0.00 0.00 0.00 86.00 0.00 0.00
5 0.20 0.50 0.00 0.00 0.00 88.00 0.00 0.00
6 tr tr 0.00 0.00 0.00 76.00 0.00 0.00
7 0.10 0.50 0.00 0.00 0.00 85.00 0.00 0.00
Instrument I.D. 54
1350- 1400 Chrono Date 1380
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.40 0.00 tr 0.00 0.20 0.00 24.00 99.60
0.00 0.00 0.00 0.30 0.00 tr 0.00 4.00 0.00 10.00 100.40
0.00 0.00 0.00 0.10 0.00 0.00 0.00 6.00 0.00 8.00 100.1
0.00 0.00 0.00 0.30 0.00 tr 0.00 4.00 0.00 10.00 100.40
0.00 0.00 0.00 2.00 0.00 0.30 0.00 4.00 0.00 5.00 100.00
0.00 0.00 0.00 0.20 0.00 tr 0.00 0.30 0.00 24.00 100.50
0.00 0.00 0.00 2.00 0.00 0.30 0.00 3.00 0.00 8.00 98.90
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General view to left with points of analysis General view to right with points of analysis
Detail join at bellpipe
Detail inscription AUGUSTINE DUDLEY
HM 229C
HM229d
Bell pipe above repair
HM229a
frard, 2 
HM229b
Detail metal smiths join on inner bell
FIGURE F.5 NATURAL TRUMPET BY AUGUSTINE DUDLEY. MUSEUM OF LONDON (A24656)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
A246S6 Instrument I.D. 107
TRUMPET, NATURAL
Museum of London
Augustine Dudley Period 1644-1707 Chrono Date 1651
AUGUSTINE DUDLEY 1651 LONDINI FECIT
Exhibited in 1904 at Fishmongers Hall exhibition then property of A.H.Littleton.1922 4 May Sothebys sale Lot 63 - bought by Museum of London.
Repairs Repair to tube to bell. According to Halfpenny GSJ 1969 Vol XXII it has been rebuilt and is minus its ball.
Comments High copper bell, with copper/tin/zinc alloy yards and bow. New cord and tassels
CO
oo
cn
Section No. Section Date KV Number Location
1 Bell 13-Aug-02 40 HM229a RLAHA 99% Copper/
2 Yard, 2 13-Aug-02 40 HM229b RLAHA 88 % Copper /
3 Bellpipe, above repair 13-Aug-02 40 HM229C RLAHA 89 % Copper /
4 Bow, 1 13-Aug-02 40 HM229d RLAHA 88 % Copper /
5 Bell (2) 13-Aug-02 40 HM229e RLAHA 97 % Copper /
Summary
3, As, Fe, Ni, Pb
Zinc + some As, Fe
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Instrument Number A24656
Instrument Name 
Maker’s Name 
Section No.
TRUMPET, NATURAL
Augustine Dudley Period
Bell 
Yard, 2
Bellpipe, above repair 
Bow, 1 
Bell (2)
Weight percent - Ag As
1 0.00 1.00
2 0.70 1.00
3 0.29 2.00
4 0.58 1.00
5 tr 1.50
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
98.97 0.02 0.25
88.23 tr 0.25
88.85 0.00 0.37
88.05 0.02 0.10
96.65 0.00 0.19
Instrument I.D. 107
1644-1707 Chrono Date 1651
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 nd 0.00 0.00 0.00 0.00 0.00 1.50 101.74
0.00 0.00 020 0.80 0.00 0.00 0.00 3.44 0.00 4.63 99.25
0.00 0.00 0.10 0.50 0.00 0.00 0.00 5.30 0.00 0.50 97.91
0.00 0.00 tr nd 0.00 tr 0.00 9.08 0.00 2.00 100.83
0.00 0.00 0.00 nd 0.00 0.00 0.00 0.00 0.00 1.50 99.84
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F 1 2 8 9 6 6 B
Yard 1 
F 1 2 8 9 6 1 B
Bow  1 
F 1 2 8 9 6 5 B
Yard 2  
F 1 2 8 9 6 2 B
Lower bell 
F128963B
Upper bell Middle bell 
F128958B F128960B
P atch on bow  1 
F 1 2 8 9 6 4 B
General view to left with points of analysis General view to right with points of analysis
Inscription DUDLEY 1665 
Detail damaged bell Patch repair on Bow 1
FIGURE F.6 NATURAL TRUMPET BY AUGUSTINE DUDLEY. BURRELL COLLECTION (43.291)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
43.291
TRUMPET, NATURAL
Glasgow Art Gallery and Museums 
Augustine Dudley Period
AUGUSTINE/DUDLEY/1665/LONDIN
Instrument I.D. 118
1644-1707 Chrono Date 1665
Part of the Burrell Collection. Very little detail in Sir William Burrell’s Purchase Books. He bought the trumpet in 1931 for £20 from an R.Lauder. 
The Purchase Books are the only archive that the Burrell collection has. Sir William was insistent thatnone of his correspondence with his various 
dealers to be given with the collection. (Personal communication 5 March 2003 Rosemary Watt, Senior Curator)
Repairs Patch to bow, 1
Comments Bell pipe, bell above repair and bell below repair, bow 2, bow 1, yard 2, yard 1: copper/tin/zinc alloy. Patch to bow 1 : copper.
on No. Section Date KV Number Location
1 Bellpipe 20-Feb-03 35/50 F128958B NMS 92%
2 Bell, middle, above repair 20-Feb-03 35/50 F128960B NMS 92%
3 Bell, below repair 20-Feb-03 35/50 F128963B NMS 92%
4 Bow, 1 20-Feb-03 35/50 F128965B NMS 92%
5 Bow, 2 20-Feb-03 35/50 F128966B NMS 85%
6 Patch, Bow, 1 20-Feb-03 35/50 F128964B NMS 99%
7 Yard, 2 20-Feb-03 35/50 F128962B NMS 93%
8 Yard, 1 20-Feb-03 35/50 F128961B NMS 88 %
Summary
% Zinc + some 
i Zinc + some A
Ag, As, Fe, Pb, Sb 
j, Fe, Ni, Pb, Sb
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Instrument Number 43.291
Instrument Name TRUMPET, NATURAL
Maker's Name Augustine Dudley Period
Section No.
1 Bellpipe
2 Bell, middle, above repair
3 Bell, below repair
4  Bow, 1
5 Bow, 2
6 Patch, Bow, 1
7 Yard, 2
8 Yard, 1
Weight percent - Ag As Au Bi Cd Cu Co Fe
1 0.19 0.15 0.00 0.00 0.00 92.04 0.00 0.24
2 0.16 0.00 0.00 0.00 0.00 92.46 0.00 0.22
3 0.23 0.06 0.00 0.00 0.00 91.28 0.00 0.24
4 0.20 0.00 0.00 0.00 0.00 91.96 0.00 0.15
5 0.27 2.09 0.00 0.00 0.00 84.33 0.00 0.12
6 0.14 0.91 0.00 0.00 0.00 98.16 0.00 0.06
7 0.30 0.80 0.00 0.00 0.00 92.69 0.00 0.17
8 0.20 0.00 0.00 0.00 0.00 88.06 0.00 0.35
Instrument I.D. 119
1644-1707 ChronoDate 1665
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.03 0.36 0.00 0.00 0.00 5.74 0.00 1.24 99.80
0.00 0.00 0.01 0.28 0.00 0.04 0.00 5.57 0.00 1.26 100.00
0.00 0.00 0.00 0.32 0.00 0.04 0.00 6.43 0.00 1.40 100.00
0.00 0.00 0.01 0.57 0.00 0.03 0.00 3.55 0.00 3.52 99.99
0.00 0.00 0.12 0.22 0.00 0.00 0.00 2.17 0.00 10.69 100.01
0.00 0.00 0.00 0.14 0.00 0.02 0.00 0.56 0.00 0.00 99.99
0.00 0.00 0.24 0.40 0.00 0.08 0.00 3.66 0.00 1.66 100.00
0.00 0.00 0.02 0.96 0.00 0.14 0.00 3.99 0.00 6.28 100.00
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Repair to bell
Yard, 2 
HM230b
Bow,1
HM230d
Yard, 1 
HM230b
Bell
HM230a
General view to left
M outhpiece  
HM230e
General view to right showing points of analysis
Detail solder repair to bell
Detail inscription DUDLEY 1666
Detail Mouthpiece
FIGURE F.7 NATURAL TRUMPET BY AUGUSTINE DUDLEY, MUSEUM OF LONDON (64.147)
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Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
64.147 Instrument I.D. 106
TRUMPET, NATURAL
Museum of London
Augustine Dudley Period 1644-1707 Chrono Date
AUGUSTINE DUDLEY 1666 LONDINI FE[CIT]
Bought by Museum of London 27 November 1964 in a Sotheby's sale (Halfpenny, GSJ XXI11969, 51-57, MOL records).
1666
Repairs Damage to tube above bell, solder repair. Bell damaged.
Comments Bell, yards and bow: copper/tin/zinc alloy. The mouthpiece is considered original: analysis shows it to be a leaded cementation brass - possibly
re-cycled metal.
Section No. Section Date KV Number Location Summary
1 Bell 13-Aug-02 40 HM230a RLAHA 86% Copper / 9 % Tin / 4% Zinc + some As, Co, Fe, Ni, Pb
2 Yard, 1 13-Aug-02 40 HM230b RLAHA 91 % Copper / 6 % Tin / 2 % Zinc + some Ag, As, Co, Fe, Ni, Pb
3 Yard, 2 13-Aug-02 40 HM230C RLAHA 92 % Copper / 6 % Tin / 2 % Zinc + some Ag, As, Co, Fe, Ni, Pb
4 Bow, 1 13-Aug-02 40 HM230d RLAHA 92 % Copper / 6 % Tin 12% Zinc + some Ag, As, Co, Fe, Ni, Pb
5 Mouthpiece (?original) 13-Aug-02 40 HM230e RLAHA 70 % Copper / 25 % Zinc / 3 % Lead + some As, Fe, Ni, Pb, Sn
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Instrument Number 64.147
Instrument Name 
Maker's Name 
Section No.
TRUMPET, NATURAL
Augustine Dudley Period
1 Bell
2 Yard, 1
3 Yard, 2
4  Bow, 1
5 Mouthpiece (?original)
Weight percent - Ag As
1 tr 0.25
2 0.37 0.80
3 0.33 0.80
4 0.48 0.80
5 0.00 0.60
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
86.48 0.05 0.39
91.38 0.03 0.16
91.85 0.02 0.12
92.25 0.02 0.19
69.74 tr 0.35
Instrument I.D. 106
1644-1707 ChronoDate 1666
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.30 0.25 0.00 0.00 0.00 8.75 0.00 4.08 100.55
0.00 0.00 0.20 0.20 0.00 0.00 0.00 5.81 0.00 2.00 100.95
0.00 0.00 0.30 0.20 0.00 tr 0.00 5.93 0.00 1.50 101.05
0.00 0.00 0.20 0.20 0.00 0.00 0.00 5.48 0.00 2.00 101.62
0.00 0.00 0.20 3.40 0.00 0.00 0.00 0.53 0.00 24.74 99.56
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Ferrule 1 
HM177j
Yard 1 
HM177k
Yard 1 
HM177dHM177a
Bow 1 
HM177L
Yard 2 
HM177f
Mouthpiece shank 
HM177i
General view to left with points of analysis
Mouthpiece
HM177h
Bellpipe
HM177e
Ball
HM177c
Garland
HM177b
Bow 2 
HM177g
General view to right with points of analysis
Detail mouthpiece and ferrules
Detail ball and yards
FIGURE F.8 NATURAL TRUMPET BY SIMON BEALE. BATE
Inscription SIMON BEALE 
COLLECTION (X78)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription
History
x78
TRUMPET, NATURAL
Bate Collection, University of Oxford 
Simon Beale Period
SIMON BEALE LONDINI FECIT 1667
Instrument I.D.
1655-1682 Chrono Date 1667
Legend that from shipwreck of The Gloucester in 1682. Became property of Earl of Dartmouth and was known as the 'Luck of Woodsome Hall' nr 
Huddersfield. Woodsome Hall sold in 1921 and trumpet was sold 3 Feb 1922 at a Puttick & Simpson sale. Bought byPercival D. Griffiths who sold it in 
1939 to John D.Read . In 1976 bought by Charles Dalglish of Redland, Bristol. On loan to Bate Colin since 1977, and bought by them in 2002.
Repairs Has been restored and soldered together, probably in 19th century.
Comments Previously has not been known how much of this is original Beale. The analysis shows that as individual parts they could be 17th or 18th century. The
parts with copper/tin/zinc composition could be original 17th century if Beale followed tradition ofDudley. Bell: cementation brass. Garland, 
ball, ferrule: silver. Yard 1, Yard 3, bow 2, mouthpiece, yard 2: copper/tin/zinc alloy.
Section No. Section Date KV Number Location Summary
1 Bell 31-Oct-O1 40 HM177a RLAHA 85 % Copper/ 14 % Zinc + some Ag, Co, Fe, Pb, Sn
2 Garland 31-Oct-01 40 HM177b RLAHA 93 % Silver 1 7 %  Copper + some Pb
3 Ball - Centre 31-Oct-01 40 HM177C RLAHA 94 % Silver / 5 % Copper + some Pb
4 Yard, first 31-Oct-O1 40 HM177d RLAHA 94 % Copper/ 2 % Zinc / 6 % Tin + some Ag, Fe, Pb
S Bellpipe 31-Oct-O1 40 HM177e RLAHA 94 %Copper 12% Zinc / 3% Tin + some Ag, As, Fe, Ni, Pb
6 Bow - second 31-Oct-O1 40 HM177g RLAHA 91% Copper 12% Zinc/ 6 % Tin + some Ag, As, Fe, Pb
7 Mouthpiece - side 31-Oct-O1 40 HM177h RLAHA 76 % Copper/ 21% Zinc /1% Tin + some Co, Fe, Pb
8 Mouthpiece - shank 31-Oct-O1 40 HM177i RLAHA 90 % Copper / 5 % Zinc 13 %Tin + some Ag, As, Fe
0 Ferrule - first 31-Oct-01 40 HM177j RLAHA 95 % Silver / 4% Copper +some Pb
10 Yard, first 31-Oct-O1 40 HM177k RLAHA 92 % Copper/ 2 % Zinc/ 6 % Tin+ some Ag, Pb
11 Bow - first 31-Oct-O1 40 HM177L RLAHA 90 % Copper / 4 % Zinc /3 % Tin + some 2% Silver, As, Co, Fe,
12 Bell (2) 31-Oct-O1 40 HM177m RLAHA 86 % Copper / 14 % Zinc + some Fe, Pb
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Instrument Number x78
Instrument Name 
Maker's Name 
Section No.
Weight percent -
TRUMPET, NATURAL
Simon Beale Period
1 Bell
2 Garland
3 Ball - Centre
4  Yard, first
5 Bellpipe
6 Bow - second
7 Mouthpiece - side
8 Mouthpiece - shank
9 Ferrule - first
10 Yard, first
Ag As
1 0.13 tr
2 92.99 0.00
3 94.14 0.00
4 0.21 0.00
5 0.40 0.50
6 0.23 0.30
7 0.00 0.00
8 0.37 1.00
9 95.06 0.00
10 0.15 0.00
11 2.44 0.41
12 0.00 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
84.90 0.03 0.42
6.53 0.00 0.00
4.98 0.00 0.00
93.93 0.00 0.07
93.54 0.00 0.11
90.56 0.00 0.27
76.25 0.03 0.78
90.25 0.00 0.10
4.24 0.00 0.00
92.38 0.00 0.00
89.89 0.02 0.14
85.70 tr 0.36
Instrument I.D. 9
1655-1682 ChronoDate 1667
11 Bow - first
12 Bell (2)
Mg Mn NI Pb S Sb SI Sn Ti Zn Total
0.00 0.00 0.00 0.63 0.00 0.00 0.00 0.40 0.00 13.49 100.00
0.00 0.00 0.00 0.47 0.00 0.00 0.00 0.00 0.00 0.00 99.99
0.00 0.00 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 99.67
0.00 0.00 0.00 0.13 0.00 0.00 0.00 5.66 0.00 1.31 101.31
0.00 0.00 0.16 0.50 0.00 0.00 0.00 2.86 0.00 1.90 99.97
0.00 0.00 0.00 0.30 0.00 0.00 0.00 6.42 0.00 1.95 100.03
0.00 0.00 0.00 0.41 0.00 0.00 0.00 1.31 0.00 21.21 99.99
0.00 0.00 0.00 tr 0.00 0.00 0.00 3.11 0.00 5.24 100.07
0.00 0.00 0.00 0.37 0.00 0.00 0.00 0.00 0.00 0.00 99.67
0.00 0.00 0.00 0.27 0.00 0.00 0.00 5.96 0.00 123 99.99
0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.96 0.00 4.14 100.00
0.00 0.00 0.00 0.21 0.00 0.00 0.00 0.00 0.00 13.72 99.99
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Bow, 1 
HM228d
Yard, 1 
HM228b
General view to left with points of analysis General view to right with points of analysis
Bell
HM228a
Mouthpiece 
HM228f
Yard,2 
HM228c Patch to Bow, 1 
HM228e
Detail bell and ferrules Inscription WILLIAM BULL
Detail ball and yards
FIGURE F.9 NATURAL TRUMPET BY WILLIAM BULL. MUSEUM OF LONDON (A23580)
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Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
Repairs
A23580 Instrument I.D. 116
William Bull
TRUMPET, NATURAL
Museum of London 
Period 1650-1712 Chrono Date 1680
WILLIAM / BULL /  LONDINI /  FECIT
Property of Thomas Harper Trumpeter (1786-1853), passed to his son Thomas John Harper (1816-1898).During his life time it was exhibited at various 
exhibitions: 1872 South Kensington Exhibition, 1885 Loan Exhibition Royal Albert Hall, 1889 Universal Exhibition Paris, 1890 Royal Military 
Exhibition, 1895 International Invention Exhibition. In 1888 illustrated in Hipkins 'Musical Instruments Historic, Rare and Unique'. A date of 1680 
is associated with both the Hipkins and the Paris Exhibition.Thereis no other evidence of this. In 1898 it was sold at Sothebys Auction and was acquired by Arthu 
Copper patch repair to Bow, 1.
Comments Bell, bow and yards: copper/tin alloy (bronze). Patch repair copper. Mouthpiece: recycled mix brass and bronze.
Section No. Section Date KV Number Location Summary
1 Bell 13-Aug-02 40 HM228a RLAHA 92 % Copper / 8 % Tin + some As, Pb
2 Yard, 1 13-Aug-02 40 HM228b RLAHA 91 % Copper / 8 % Tin + some Pb
3 Yard, 2 13-Aug-02 40 HM228C RLAHA 92 % Copper / 8 % Tin + some Fe, Pb
4 Patch repair to Bow, 1 13-Aug-02 40 HM228e RLAHA 100% Copper + some As
5 Mouthpiece 13-Aug-02 40 HM228f RLAHA 78 % Copper /14 % Zinc / 4 % Tin / 3 % Pb + some As, Fe, Sb
6 Bow, 1 13-Aug-02 40 HM228d RLAHA 93 % Copper 17% Tin + some Ag, Fe
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Instrument Number A23580
Instrument Name 
Maker's Name 
Section No.
TRUMPET, NATURAL
William Bull Period
1 Bell
2 Yard, 1
3 Yard, 2
4  Patch repair to Bow, 1
5 Mouthpiece 
9 Bow, 1
Weight percent- Ag As
1 tr 0.20
2 tr 0.00
3 tr 0.00
4 0.00 0.54
5 0.00 0.36
6 0.33 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
91.74 0.00 tr
91.03 0.00 tr
91.34 0.00 0.11
99.45 0.00 0.00
77.78 0.00 0.95
92.99 0.00 0.10
Instrument I.D. 116
1650-1712 ChronoDate 1680
Mg Mn NI Pb S Sb SI Sn Tl Zn Total
0.00 0.00 0.00 0.50 0.00 0.00 0.00 7.67 0.00 tr 100.11
0.00 0.00 tr 0.76 0.00 0.00 0.00 8.20 0.00 tr 99.99
0.00 0.00 tr 0.34 0.00 0.00 0.00 8.19 0.00 tr 99.98
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 to­ 99.99
0.00 0.00 tr 2.98 0.00 0.63 0.00 3.60 0.00 l d ^ 99.94
0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.55 0.00 tr 99.97
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General view to left
Mouthpi' Tube
AM297d
Backbow
HM201g
Narrow
collar
Garland
HM201b
older
AM297g Bell
HM201a, 
AM2Q7
Stay 
HM201I 
AM297h
Wide collar
HM201C
AM297b
Narrow collar 
HM201d 
AM297d
SolderSolder
HM201fHM201e
Detail of collar repairs
X-radiograph of collar repairs
General view to right with points of analysis
FIGURE F.10 HUNTING HORN BY WILLIAM BULL. HORNIMAN MUSEUM (14.5.47/307)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription
History
14.5.47/307
HORN, HUNTING
Horniman Museum 
William Bull Period
WILLIAM BULL LONDINI FECIT 1699
Instrument I.D. 11
1650-1712 Chrono Date 1699
The hom was bought by Canon Galpin probably between 1889 & 1895 for £1 from an unknown source. (Info’ Judge Galpin 3 May 2000).0n his death the horn 
was bought at auction by Adam Carse. The 1946 sale was at Puttock & Simpsons and cost £25.00 (Lot 38).Adam Carse donated his collection of European 
wind instruments inc. the hom to the Homiman Museum in 1948
Repairs At some period the bell has been distanced from the coil of tubes by the insertion of 2 collars, one wider than the other. Roughly soldered on the
outside. Baines (in 1982) doubts they belong to each other, but Peter Barton (in 1989) opines that they do.lt may have been converted to play in 
'P. (Homiman Museum records).
Comments Main body and collar repairs: copper. Garland , mouthpiece receiver cementation brass. The stay is probably a later replacement: direct method
brass. The solder between the collar repairs and between the coils is roughly a 2:1 tin/lead solder. The solder to all other areas is roughly 1:1 
lead/tin solder.
Section No. Section Date KV Number Location Summary
1 Bell (1) 31-Dec-99 60 AM297 TOL 99 % Copper + some Pb, Zn
2 Collar repair, wider 31-Dec-99 60 AM297B TOL 99 % Copper + some As, Pb, Sb, Sn, Zn
3 Collar repair, narrow 31-Dec-99 60 AM297C TOL 99% Copper + some Pb, Zn
4 Tube, shiny area 31-Dec-99 60 AM297D TOL 99% Copper + some Pb, Zn
5 Mouthpiece receiver 31-Dec-99 60 AM297F TOL 74% Copper / 24 % Zinc / 2 % Lead
6 Solder, to mouthpiece recei 31-Dec-99 60 AM297G TOL 52% Lead / 48 % Tin
7 Bell (2) 05-Jun-02 40 HM201a RLAHA 99.99 % Copper
8 Garland 05-Jun-02 40 HM201b RLAHA 75 % Copper / 24 % Zinc + some Fe, Pb
9 Collar repair, wider (2) 05-Jun-02 40 HM201c RLAHA 99.99% Copper
10 Collar repair, narrow (2) 05-Jun-02 40 HM201d RLAHA 99.99% Copper
11 Solder, between back and r 05-Jun-02 40 HM201e RLAHA 54 % Lead / 46 % Tin
12 Solder, between collar repa 05-Jun-02 40 HM201f RLAHA 61 % Tin / 39 % Lead
13 Backbow 05-Jun-02 40 HM201g RLAHA 99 % Copper + some Ag
14 Solder, repair between segi 05-Jun-02 40 HM201h RLAHA 66 % Tin / 34 % Lead + some Sb
15 Stay (2) 05-Jun-02 40 HM201i RLAHA 71 % Copper / 29 % Zinc + some Co
16 Mouthpiece receiver 05-Jun-02 40 HM201j RLAHA 74% Copper / 26 % Zinc
17 Tube segment, 1 05-Jun-02 40 HM201k RLAHA 99 % Copper + some Ag
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Instrument Number 14.5.47/307
Instrument Name 
Maker's Name 
Section No.
Weight percent -
HORN, HUNTING
William Bull Period
1 Bell (1)
2 Collar repair, wider
3 Collar repair, narrow
4 Tube, shiny area
5 Mouthpiece receiver
6 Solder, to mouthpiece receiver
7 Bell (2)
8 Garland
9 Collar repair, wider (2)
10 Collar repair, narrow (2)
Ag As
1 0.00 0.00
2 0.00 0.31
3 0.00 0.00
4 0.00 0.00
5 0.00 0.00
6 0.00 0.00
7 tr 0.00
8 tr 0.00
9 0.00 0.00
10 tr 0.00
11 0.00 0.00
12 0.00 0.00
13 0.20 tr
14 0.00 0.00
15 0.00 0.00
16 tr 0.00
17 0.23 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
99.36 0.00 0.00
99.09 0.00 0.00
99.25 0.00 0.00
99.20 0.00 0.00
73.87 0.00 0.00
0.00 0.00 0.00
99.99 0.00 0.00
74.75 0.04 0.93
99.99 0.00 0.00
99.99 tr 0.00
0.00 0.00 0.00
0.00 0.00 0.00
99.54 0.00 0.00
0.00 0.00 0.00
71.47 0.02 0.00
73.99 tr tr
99.76 0.00 0.00
Instrument I.D. 11
1650-1712 Chrono Date 1699
11 Solder, between back and narrow collar
12 Solder, between collar repairs
13 Backbow
14 Solder, repair between segments 2 & 3
15 Stay (2)
16 Mouthpiece receiver
17 Tube segment, 1
Mg Mn Ni Pb s Sb SI Sn Ti Zn Total
0.00 0.00 0.00 0.41 0.00 0.00 0.00 0.00 0.00 0.23 100.00
0.00 0.00 0.00 0.14 0.00 0.11 0.00 0.08 0.00 0.25 99.98
0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.24 100.00
0.00 0.00 0.00 0.54 0.00 0.00 0.00 0.00 0.00 0.26 100.00
0.00 0.00 0.00 2.27 0.00 0.00 0.00 0.00 0.00 23.86 100.00
0.00 0.00 0.00 52.40 0.00 0.00 0.00 47.60 0.00 0.00 100.00
0.00 0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 0.00 99.99
0.00 0.00 0.00 0.33 0.00 0.00 0.00 tr 0.00 23.93 99.98
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 tr 99.99
0.00 0.00 0.00 0.00 0.00 0.00 0.00 tr 0.00 0.00 99.99
0.00 0.00 0.00 53.66 0.00 0.00 0.00 46.34 0.00 0.00 100.00
0.00 0.00 0.00 39.02 0.00 tr 0.00 60.98 0.00 0.00 100.00
0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 99.99
0.00 0.00 0.00 33.63 0.00 0.20 0.00 66.37 0.00 0.00 100.20
0.00 0.00 0.00 0.00 0.00 0.00 0.00 tr 0.00 28.51 100.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 26.00 99.99
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00
APPENDIX 
F: THE 
MUSICAL 
INSTRUMENTS 
WITH 
THEIR 
FULL 
ANALYSES
402
General view to left with points of analysis General view to right with points of analysis
Detail small patch repair 
Detail slide insert Detail inscription HARRIS
FIGURE F.11 TRUMPET BY JOHN HARRIS, ROYAL COLLEGE OF MUSIC MUSEUM OF INSTRUMENTS (RCM 189)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
RCM189 Instrument I.D.
TRUMPET, SLIDE
Royal College of Music Museum of Instruments 
John Harris Period 1712-1731
JOHN HARRIS /  LONDINI FECIT
115
Chrono Date 1722
Gift of Mr Thomas F.Harper to the Royal College of Music in 1924, great-grandson of Thomas Harper Trumpeter (1786-1853) and son of Thomas John Harper 
Trumpeter (1816-1898). ( RCM records)
Repairs An original D trumpet reconstructed as a slide trumpet in F, probably by Harper. (The Royal College of Music Museum of Instruments Catalogue Part 1
European Wind Instruments. See also Sorenson & Webb GSJ XXXIX 1986pp35-57).Patch repairs: two to bell, one to slide reconstruction, one to tube to 
ball.
Comments Bell and patch on bell:copper/tin/zinc alloy. Tubes a mixture of cementation brass, direct method brass and copper.Results are given for both raw and
normalised data.
Section No. Section Date KV Number Location Summary
1 Bell - norm' 20-Jun-02 35 504 V&A 94% Copper / 4% Tin / 2 % Zinc + some As, Fe, Ni
2 Bell - raw 20-Jun-02 35 504 V&A 94% Copper / 4 % Tin / 2 % Zinc + some As, Fe, Ni
3 Patch on bell - raw 20-Jun-02 35 505 V&A 90% Copper / 2 % Tin / 2 % Zinc + some As, Fe
4 Patch on tube above ball - 1 20-Jun-02 35 506 V&A 98% Copper + some Ag, As, Ni, Zn
5 Patch on tube above ball - 1 20-Jun-02 35 506 V&A 100 % Copper + some Ag, Ni
6 Middle tube to slide - raw 20-Jun-02 35 508 V&A 93% Copper / 30 % Zinc + some Ag, As, Fe, Ni
7 Outer tube to slide - raw 20-Jun-02 35 509 V&A 84% Copper / 28 % Zinc + some Ag, As, Fe, Ni,
8 Spring box - raw 20-Jun-02 35 510 V&A 90% Copper / 20 % Zinc + some Ag, As, Fe, Ni
9 Spring box - norm' 20-Jun-02 35 510 V&A 80% Copper/ 19 % Zinc + some As, Ni, Pb
10 Bow, 1 - raw 20-Jun-02 35 512 V&A 93% Copper + some Ag, As, Fe, Ni, Zn
11 Bow, 2 - raw 20-Jun-02 35 513 V&A 91 % Copper 1 7 %  Zinc + some Ag, As, Ni
12 Tube-raw 20-Jun-02 35 514 V&A 90% Copper + some Ag, As, Fe, Ni, Zn
13 Patch - raw 20-Jun-02 35 515 V&A 96% Copper + some Ag, As, Ni, Zn
14 Middle tube to slide - norm' 20-Jun-02 35 508 V&A 75% Copper / 25 % Zinc + some Ag, As, Fe, Ni
15 Outer tube to slide - norm' 20-Jun-02 35 509 V&A 75% Copper / 25 % Zinc + some Ag, As, Fe, Ni
16 Bow, 1 - norm' 20-Jun-02 35 512 V&A 99% Copper + some Ag, As, Fe, Ni, Zn
17 Bow, 2 - norm' 20-Jun-02 35 513 V&A 92% Copper 1 7 %  Zinc + some Ag, As, Ni
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Instrument Number RCM189
Instrument Name 
Maker's Name 
Section No.
Weight percent -
TRUMPET, SLIDE
John Harris Period
1 Bell - norm'
2 Bell - raw
3 Patch on bell - raw
4 Patch on tube above ball - raw
5 Patch on tube above ball - norm*
6 Middle tube to slide - raw
7 Outer tube to slide - raw
8 Spring box - raw
9 Spring box - norm
10 Bow, 1 -raw
Ag As Au Bi Cd Cu Co
1 0.00 0.16 0.00 0.00 0.00 93.71 0.00
2 0.00 0.16 0.00 0.00 0.00 93.71 0.00
3 0.01 0.16 0.00 0.00 0.00 89.10 0.00
4 0.02 0.14 0.00 0.00 0.00 97.11 0.00
5 0.03 0.14 0.00 0.00 0.00 99.05 0.00
6 0.02 0.14 0.00 0.00 0.00 92.98 0.00
7 0.02 0.15 0.00 0.00 0.00 84.35 0.00
8 0.49 0.17 0.00 0.00 0.00 90.25 0.00
9 0.00 0.15 0.00 0.00 0.00 80.32 0.00
10 0.01 0.15 0.00 0.00 0.00 92.93 0.00
11 0.02 0.15 0.00 0.00 0.00 90.83 0.00
12 0.01 0.14 0.00 0.00 0.00 90.17 0.00
13 0.01 0.14 0.00 0.00 0.00 95.76 0.00
14 0.83 0.12 0.00 0.00 0.00 75.22 0.00
15 0.02 0.13 0.00 0.00 0.00 74.65 0.00
18 0.01 0.16 0.00 0.00 0.00 98.88 0.00
17 0.02 0.15 0.00 0.00 0.00 92.37 0.00
18 0.01 0.15 0.00 0.00 0.00 98.74 0.00
19 0.01 0.14 0.00 0.00 0.00 98.73 0.00
Fe
0.14
0.14
0.12
0.00
0.00
0.19
0.18
0.49
0.00
0.05
0.00
0.02
0.00
0.15
0.16
0.05
0.00
0.02
0.00
Instrument I.D. 115
1712-1731 ChronoDate 1722
11 Bow, 2 - raw
12 Tube-raw
13 Patch-raw
14 Middle tube to slide - norm'
15 Outer tube to slide - norm'
16 Bow, 1 -norm'
17 Bow, 2 -norm'
18 Tube, norm'
19 Patch-norm'
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.20 0.00 0.00 0.00 0.00 3.85 0.00 1.85 99.91
0.00 0.00 0.20 0.00 0.00 0.00 0.00 3.85 0.00 1.85 99.91
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.88 0.00 2.13 93.40
0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.61 98.03
0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.62 99.99
0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 30.09 123.57
0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 28.03 112.88
0.00 0.00 0.15 0.47 0.00 0.00 0.00 0.00 0.00 20.73 112.75
0.00 0.00 0.13 0.42 0.00 0.00 0.00 0.00 0.00 18.45 99.47
0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.61 93.90
0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 7.14 98.29
0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.80 91.29
0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.88 96.94
0.00 0.00 0.12 0.00 0.00 0.00 0.Q0 0.00 0.00 24.34 100.78
0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00 24.80 99.89
0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.65 99.90
0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 7.26 99.95
0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.87 99.95
0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.90 99.93
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Yard, 1 
HM156d
Bell
/HM156a
Yard,2/ 
HM156c
Garland
HM156b
General view to left with points of analysis Genera| v|ew (0 rigM wj(h pQints of ana|ysis
Detail inserted slide component
Inscription JOHN HARRIS
Detail Bell and Bow, 1
FIGURE F.12 SLIDE TRUMPET BY JOHN HARRIS. BATE COLLECTION OXFORD (x70)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
Repairs
x70
TRUMPET, SLIDE
Bate Collection, University of Oxford 
John Harris Period
JOHN HARRIS, / LONDINI FECIT
Instrument I.D.
1712-1731 Chrono Date 1715
Formerly property of Thomas Harper Junior (1816-1898) who told Blandford that the instrument was the model for Kohler's trumpet. It was then in the 
possesion of Walter Morrow who sold it to Philip Bate. Anthony Baines exchanged with Bate an Uhlmann cor anglais for the Harris trumpet. The 
trumpet was on loan from Baines until his death in 1997, when it was donated to the Bate Collection. (Catalogue of the Bate Collection). The chrono1 
date of 1715 us attributed by John Webb (Webb 264)
Brass repairs to Bow,2. Converted and shortened to slide trumpet with clock springs (missing) possibly by Harper. The instrument shortened in the 
process.(Catalogue of the Bate Collection).
Comments Bell and yards: Copper/Tin/Zinc alloy. The garland, ball, ferrules and mouthpiece rim are of silver.
8
Section No. Section
1 Bell
2 Garland
3 Yard, 2
4 Yard, 1
Date KV Number Location
10-Jul-01 40 HM156a RLAHA
10-Jul-01 40 HM156b RLAHA
10-Jul-01 40 HM156C RLAHA
10-Jul-01 40 HM156d RLAHA
Summary
91 % Copper 14% Zinc /4%Tin + some As, Fe, Ni 
94 % Silver / 6 % Copper
88 % Copper / 5 % Zinc / 4% Tin + some Ag, As, Fe, Ni 
88 % Copper / 5 % Zinc / 4% Tin + some Ag, As, Fe, Ni
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Instrument Number x70
Instrument Name 
Maker's Name 
Section No.
Bell
Garland 
Yard, 2 
Yard, 1
TRUMPET, SLIDE
John Harris Period
Weight percent - Ag As
1 0.24 0.81
2 93.47 0.00
3 0.22 0.76
4 0.34 0.70
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
90.95 0.00 0.19
6.21 0.00 0.00
87.47 0.00 0.22
87.72 0.00 0.16
Instrument I.D. 4
1712-1731 Chrono Date 1715
Mg Mn NI Pb s Sb SI Sn Tl Zn Total
0.00 0.00 0.23 0.00 0.00 0.00 0.00 3.70 0.00 3.88 100.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 99.68
0.00 0.00 0.19 0.00 0.00 0.00 0.00 3.78 0.00 5.34 97.98
0.00 0.00 0.32 0.00 0.00 0.00 0.00 4.39 0.00 5.16 98.79
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HM157g
HM157d
HM157b
Garland (1)
Mouthpiece
Tube, outer coil
General View to left with points of analysis Detai| inscrip,ion CHRISTIAN BENNET
General view to right with points of analysis Detail brazing to gusset on inner bell
Garland 
HM157c (2)
HM157a Detail metal smiths join
FIGURE F.13 HORN BY CHRISTIAN BENNET. BATE COLLECTION OXFORD (603)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
603 Instrument I.D.
HORN, CORNO DA CACCIA
Bate Collection, University of Oxford 
Christian Bennet Period Mid C18th
CB CHRISTIAN BENNET IN AIRE STREET PICKADILLY LONDON FECIT
8
Chrono Date 1750
Bought for Bate Collection in 1975 from Christies (Bate collection catalogue). Thought to be mid C18th. Harris (1996) considers the horn to be late 
C18th if not early C19th. The analysis supports this thesis
Repairs End of mouthpipe ferrule broken and repaired.
Comments Copper horn with brass garland, mouthpiece receiver and mouthpiece.The analysis is indicating that the brass parts of this instrument could be 
anything after late 18th century. The zinc percentage is high, but has a little Fe and Pb in it.
Section No. Section Date KV Number Location Summary
1 Bell 10-Jul-01 40 HM157a RLAHA 99% Copper plus some As
2 Garland 10-JUI-01 40 HM157b RLAHA 66 % Copper / 33 % Zinc plus some Fe, Pb
3 Garland (2) 10-Jul-01 40 HM157C RLAHA 67 % Copper / 32 % Zinc plus some Fe, Pb
4 Tube, outer coil 10-Jul-01 40 HM157d RLAHA 99% Copper plus some As
5 Mouthpiece receiver 10-Jul-OI 40 HM157e RLAHA 68 % Copper / 32 % Zinc plus some Pb, Fe
6 Brazeing, join to bell on insi 10-Jul-01 40 HM157f RLAHA 91 % Copper / 8 % Zinc plus some As, Fe
7 Mouthpiece 10-Jul-01 40 HM157g RLAHA 67 % Copper / 33 % Zinc plus some Fe
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
5
e
7
603
HORN, CORNO DA CACCIA
Christian Bennet
Bell
Garland 
Garland (2)
Tube, outer coil 
Mouthpiece receiver 
Brazeing, join to bell on inside 
Mouthpiece
Period
Instrument I.D.
Mid C18th
8
Chrono Date 1750
Ag As Au Bi Cd Cu Co Fe Mg Mn NI Pb s Sb Si Sn Ti Zn Total
1 0.00 1.35 0.00 0.00 0.00 98.64 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.09
2 0.00 0.00 0.00 0.00 0.00 66.13 0.00 0.07 0.00 0.00 0.00 0.45 0.00 0.00 0.00 0.00 0.00 33.34 99.99
3 0.00 0.00 0.00 0.00 0.00 66.60 0.03 0.05 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 0.00 32.53 100.04
4 tr 1.30 0.00 0.00 0.00 98.68 0.00 0.00 0.00 0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 0.00 99.98
5 0.00 0.00 0.00 0.00 0.00 67.52 0.00 0.12 0.00 0.00 0.00 0.42 0.00 0.00 0.00 0.00 0.00 31.93 99.99
6 0.00 0.65 0.00 0.00 0.00 91.17 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.37 0.00 7.72 100.00
7 0.00 0.00 0.00 0.00 0.00 66.73 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 33.18 99.99
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Tube
HM155C
Mouthpiece /  
HM155g
Beil
HM 155a Garland
General view to right with point of analysis
HM 155b
General view to left with points of analysis
HM155e
HM155d
Inscription NICHOLAS WINKINGS MAKER 
Detail mouthpiece receiver with points of analysis Detail repair to inner bell
FIGURE. F.14 HORN BY NICHOLAS WINKINGS, BATE COLLECTION OXFORD UNIVERSITY (604)
Tube to main body 
HM155f
Mouthpiece
receiver
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Instrument Number 
Instrument Name 
Owner
Maker's Name 
Maker's Inscription 
History
604 Instrument I.D. 7
HORN, CORNO DA CACCIA
Bate Collection, University of Oxford 
Nicholas Winkings Period 1732-1768 Chrono Date
NICHOLAS/ WINKINGS /MAKER/ IN/RED/LYON/ STREET/ NEAR/HOLBORN/LONDON 
Purchased from Christies Auction House in 1975. Now in Bate Collection, Oxford
1750
Repairs Mouthpiece repaired with solder. Patches in bell. Solder in between tubes & to stay to bell. Restored by Philip Argyll Turner Bate. Mouthpiece
is a modern replica. ( Bate Collection Catalogue)
Comments All late cementation brass. Mouthpiece is a modern replacement.
Section No. Section
1 Tube
2 Bell
3 Garland
4 Mouthpiece Receiver- Tube
5 Solder, to mouthpiece rece
6 Mouthpiece receiver, tube -
7 Mouthpiece
Date KV Number Location
10-Jul-01 40 HM155C RLAHA
10-Jul-01 40 HM155a RLAHA
10-Jul-01 40 HM155b RLAHA
10-Jul-01 40 HM155d RLAHA
10-Jul-01 40 HM155e RLAHA
10-Jul-01 40 HM155f RLAHA
10-Jul-01 40 HM155g RLAHA
Summary 
70 % Copper / 29 % Zinc, + Fe and Ni.
70 % Copper / 30 % Zinc + some Fe, Ni, Pb 
73% Copper/ 25 % Zinc + some Fe, Ni, Pb, Sn 
69% Copper / 30 % Zinc + some Fe, Pb 
80 % Lead / 20 % Tin + some As, Sb 
70 % Copper / 30 % Zinc + some Fe, Ni 
61 % Copper / 37 % Zinc /1 % Lead + some Fe
APPENDIX 
F: THE 
MUSICAL 
INSTRUMENTS 
WITH 
THEIR 
FULL 
ANALYSES
Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
5
6 
7
604
HORN, CORNO DA CACCIA
Nicholas Winkings
Tube
Bell
Garland
Mouthpiece Receiver- Tube 
Solder, to mouthpiece receiver 
Mouthpiece receiver, tube - attached to body 
Mouthpiece
Period
Instrument I.D.
1732-1768 Chrono Date 1750
Weight percent-
£
03
Ag As Au Bi Cd Cu Co Fe Mg Mn NI Pb S Sb Si Sn Ti Zn Total
1 tr 0.00 0.00 0.00 0.00 70.46 0.03 0.27 0.00 0.00 0.20 tr 0.00 0.00 0.00 0.00 0.00 28.93 99.89
2 tr 0.00 0.00 0.00 0.00 69.65 tr 0.36 0.00 0.00 0.14 0.23 0.00 0.00 O.0O 0.00 0.00 29.61 99.99
3 tr 0.00 0.00 0.00 0.00 73.28 0.00 029 0.00 0.00 0.16 0.77 0.00 0.00 0.00 0.10 0.00 25.49 100.09
4 0.00 0.00 0.00 0.00 0.00 68.73 0.00 0.15 0.00 0.00 0.00 0.75 0.00 0.00 0.00 0.00 0.00 30.37 100.00
5 0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 78.22 0.00 0.49 0.00 21.29 0.00 0.00 100.50
6 tr 0.00 0.00 0.00 0.00 69.27 tr 0.08 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00 30.51 99.98
7 0.00 0.00 0.00 0.00 0.00 61.33 0.00 0.18 0.00 0.00 tr 1.35 0.00 0.00 0.00 0.00 0.00 37.14 100.00
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HM 198a
Garland
HM198b
Mouthpiece
receiver
HM198d
Tube
General view to left with points of analysis General view to right with points of analysis
Solder
HM198f
Detail incorrectly positioned stay Inscription NICHOLAS WINKINGS
FIGURE F.15 HORN BY NICHOLAS WINKINGS NORWICH CASTLE MUSEUM (147-940)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
147.940 Instrument I.D.
HORN, HUNTING
Norfolk Museums & Archaeology Service 
Nicholas Winkings Period 1732-1768 Chrono Date
NICHOLAS WINKINGS MAKER IN RED LYON STREET NEAR HOLBORN LONDON
The hom was donated in 1940 to, what is now Norfolk Museums and Archaeology Service, by Captain P. Grigson.
57
Repairs Repair to mouthpiece receiver with solder and replaced upside down.
Comments All late cementation brass. Stay: direct method brass. Solder approx 1:1 tin/lead solder.
•U
cn
Section No. Section
1 Bell
2 Tube
3 Garland
4 Mouthpiece receiver
5 Stay to mouthpiece receive
6 Solder repair to mouthpiece
Date KV Number Location
19-Mar-02 40 HM198a RLAHA
19-Mar-02 40 HM198C RLAHA
19-Mar-02 40 HM198b RLAHA
19-Mar-02 40 HM198d RLAHA
19-Mar-02 40 HM198e RLAHA
19-Mar-02 40 HM198f RLAHA
Summary
70 % Copper / 30 % Zinc + some As, Fe, Ni, Pb 
70 % Copper / 30 % Zinc + some Co, Fe, Sn
68 % Copper / 31 % Zinc + some Fe, Pb
69 % Copper / 30 % Zinc + some Co, Fe, Ni, Pb 
68 % Copper / 30 % Zinc /1% Lead + some Fe 
56 % Lead / 44 % Tin + some As
1750
APPENDIX 
F: THE 
MUSICAL 
INSTRUMENTS 
WITH 
THEIR 
FULL 
ANALYSES
416
Instrument Number 147.940
Instrument Name 
Maker's Name 
Section No.
HORN, HUNTING
Nicholas Winkings Period
1 Bed
2 Tube
3 Garland
4 Mouthpiece receiver
5 Stay to mouthpiece receiver
6 Solder repair to mouthpiece receiver
Weight percent - Ag As
1 0.00 0.19
2 tr 0.00
3 0.00 0.00
4 tr 0.00
5 0.00 0.00
6 0.00 1.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
69.65 tr 0.12
69.57 0.02 0.19
67.91 0.00 0.13
69.26 0.02 0.28
68.26 tr 0.17
0.00 0.00 0.00
Instrument I.D. 57
1732-1768 Chrono Date 1750
Mg Mn NI Pb S Sb Si Sn T1 Zn Total
0.00 0.00 0.23 0.17 0.00 0.00 0.00 0.00 0.00 29.64 100.00
0.00 0.00 tr 0.00 0.00 0.00 0.00 0.39 0.00 29.83 100.00
0.00 0.00 tr 0.78 0.00 0.00 0.00 0.00 0.00 31.18 100.00
0.00 0.00 0.24 0.27 0.00 0.00 0.00 0.00 0.00 29.92 99.99
0.00 0.00 0.00 1.34 0.00 0.00 0.00 0.00 0.00 30.23 100.00
0.00 0.00 0.00 56.14 0.00 tr 0.00 43.86 0.00 0.00 101.00
APPENDIX 
F: THE 
MUSICAL 
INSTRUMENTS 
WITH 
THEIR 
FULL 
ANALYSES
Bell m
General view to left with point of analysis
Brazing line 
to gusset
Brazing 
Tine to gusset
Tube
+IM197C
HM197b
receiver
HM197d
General view to right with points of analysis
Interior of bell showing gusset Inscription NICHOLAS WINKINGS
FIGURE F.16 HORN BY NICHOLAS WINKINGS. SALTRAM HOUSE NATIONAL TRUST <SH2)
Instrument Number
Instrument Name
Owner
Maker’s Name 
Maker’s Inscription 
History
SH2 Instrument I.D.
HORN, HUNTING
Saltram House, National Trust, Plymouth 
Nicholas Winkings Period 1732-1768
NICHOLAS WINKINGS MAKER IN RED LYON STREET HOLBORN LONDON
105
Chrono Date 1750
Associated with a painting by WilliamTomkins (1730-1792)' The Amphitheatre at Saltram 'signed and dated 1770, which is also on display at Saltram 
House. The painting shows the Amphitheatre at Saltram with two horns being played as a boat load of guestsarrive.lt has been suggested that these 
are the same pair of horns as survive on display in the house.
Repairs Patch repair between tube 3&4. Mouthpiece receiver end broken and missing.
Comments An interesting instrument.The brass is very clean with mainly lead and iron as trace metals. The high level of lead suggests that this is a 
cementation brass rather than direct method brass, where refining methods reduced the lead levels.
oo
Section No. Section Date KV Number Location
1 Bell 18-Feb-02 40 HM197a RLAHA
2 Garland 18-Feb-02 40 HM197b RLAHA
3 Tube, middle of coils 18-Feb-02 40 HM197C RLAHA
4 Mouthpiece receiver, tube 18-Feb-02 40 HM197d RLAHA
5 Bell, gusset, inner surface 18-Feb-02 40 HM197e RLAHA
Summary
74% Copper / 23 % Zinc / 3 % Lead + some Co, Fe 
70 % Copper / 26% Zinc / 3% Pb + some Co, Fe 
70 % Copper / 28 % Zinc 12% Lead + some Co, Fe
70 % Copper / 28% Zinc /1 % Lead + some Co, Fe, Ni
71 % Copper / 26 % Zinc / 2% Lead + some Ag, Co, Fe
APPENDIX 
F: THE 
MUSICAL 
INSTRUMENTS 
WITH 
THEIR 
FULL 
ANALYSES
419
Instrument Number SH2
instrument Name 
Maker's Name 
Section No.
HORN, HUNTING
Nicholas Winkings Period
1 Bell
2 Garland
3 Tube, middle of coils
4  Mouthpiece receiver, tube
5 Bell, gusset, inner surface
Weight percent - Ag As
1 0.00 0.00
2 tr 0.00
3 tr 0.00
4 tr 0.00
5 0.24 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
74.05 0.02 0.22
70.39 0.03 0.35
69.48 0.03 0.31
70.65 0.03 0.45
71.29 0.04 0.75
Instrument I.D. 105
1732-1768 Chrono Date 1750
Mg Mn NI Pb S Sb SI Sn Ti Zn Total
0.00 0.00 0.00 3.15 0.00 0.00 0.00 0.00 0.00 22.55 99.99
0.00 0.00 0.00 3.15 0.00 0.00 0.00 0.00 0.00 26.07 99.99
0.00 0.00 0.00 2.37 0.00 0.00 0.00 0.00 0.00 27.80 99.99
0.00 0.00 0.14 0.96 0.00 0.00 0.00 0.00 0.00 27.90 100.13
0.00 0.00 0.00 1.79 0.00 0.00 0.00 0.00 0.00 26.13 100.24
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Tube- second segment 
F118651-.
*1186546
Ira/iny
a|8653B
Mouthpiece
F118659B
F118656B Detail mouthpiece and receiver
General view to left with points of analysis
Mouthpiece receiver 
F118652B
F118658B
Garland
F118657B
Inner bell showing gusset and points of analysis
, , . , . Inscription WINKINGS RED LYON STREET
General view to right with points of analysis
FIGURE F.17 FRENCH HORN BY NICHOLAS WINKINGS. EUCHMI (2627)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker’s Inscription 
History
2627 Instrument I.D. 64
HORN, FRENCH
Edinburgh University Collection Historic Musical Instruments (EUCHMI)
Nicholas Winkings Period 1732-1768 Chrono Date 1750
NICHOLAS WINKINGS/ MAKER IN RED LYON/ STREET HOLBORN/ LONDON
Bought at Phillips Auction in 1986 by Arnold Myers. On loan to EUCHMI from Arnold Myers. (EUCHMI catalogue 1997, Part H Fascicle i, 14)
Repairs Solder repair to Tube 1. Could not get at stays to do analysis but both look recent and the stay to the bell is obviously covering a damaged area
where the gusset point meets. 4 July 1989: conservation report by Helen Moody: remedial works to dirt andchemical treatment to spots of Verdigris' 
on the surface. Whole protected with 5% Benzotriazole in microcrystalline wax (but not mouthpiece). Mouthpiece had been jammed into mouthpiece 
Comments Bell, tube: copper. Mouthpiece receiver, mouthpiece and garland: cementation brass. Horn is composed of the bell and 5 segments of tubing. Copper
smiths tabs' on gusset = 5mm
Section No. Section Date KV Number Location Summary
1 Tube - second segment 16-NOV-99 50 F118651B NMS 99 % Copper + some Ag, As, Pb, Sb
2 Mouthpiece receiver 16-NOV-99 50 F118652B NMS 70 % Copper / 30 % Zinc + some Pb
3 Brazing, inside bell 16-Nov-99 50 F118653B NMS 74% Copper / 23 % Zinc / 2% Lead + some Ag, As, Fe, Sn
4 Bell, inner, main body 16-NOV-99 50 F118654B NMS 99 % Copper + some Ag, As
5 Bell, inner, gusset 16-Nov-99 50 F118655B NMS 99% Copper + some Ag, As, Pb, Sb, Zn
6 Solder, repair to tube 16-NOV-99 50 F118656B NMS 47 % Lead / 48 % Tin / 2% Antimony + some Cu, Fe, Ni, Zn
7 Garland 16-Nov-99 50 F118657B NMS 73 % Copper / 26 % Zinc + some Ag, Fe, Pb
8 Bell 16-Nov-99 50 F118658B NMS 99 % Copper /1% Arsenic + some Ag, Pb, Sb
9 Mouthpiece 16-NOV-99 50 F118659B NMS 73 % Copper / 23 % Zinc / 3% Lead + some Ag, As, Fe, Ni, Sn
APPENDIX 
F: THE 
MUSICAL 
INSTRUMENTS 
WITH 
THEIR 
FULL 
ANALYSES
422
Instrument Number 
Instrument Name 
Maker's Name
2627
HORN, FRENCH
Nicholas Winkings Period
Section No.
1 Tube - second segment
2 Mouthpiece receiver
3 Brazing, inside bell
4  Beil, inner, main body
5 Bell, inner, gusset
6 Solder, repair to tube
7 Garland
8 Bed
9 Mouthpiece
Ag As Au Bl Cd Cu Co Fe
1 0.09 0.96 0.00 0.00 0.00 98.78 0.00 0.00
2 tr tr 0.00 0.00 0.00 69.24 0.00 tr
3 0.05 0.53 0.00 0.00 0.00 73.86 0.00 0.14
4 0.09 0.86 0.00 0.00 0.00 98.93 0.00 tr
5 0.13 0.87 0.00 0.00 0.00 98.75 0.00 0.00
8 tr 0.00 0.00 0.00 0.00 3.33 0.00 0.13
7 0.13 0.00 0.00 0.00 0.00 73.34 0.00 0.17
8 0.09 1.07 0.00 0.00 0.00 98.64 0.00 0.00
9 0.07 0.10 0.00 0.00 0.00 73.39 0.00 0.45
Instrument I.D. 64
1732-1768 Chrono Date 1750
Mg Mn NI Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.07 0.00 0.07 0.00 tr 0.00 tr 99.97
0.00 0.00 0.00 0.68 0.00 tr 0.00 tr 0.00 29.94 99.86
0.00 0.00 tr 1.95 0.00 tr 0.00 0.09 0.00 23.33 99.95
0.00 0.00 0.00 tr 0.00 tr 0.00 tr 0.00 tr 99.88
0.00 0.00 0.00 0.06 0.00 0.09 0.00 0.00 0.00 0.06 99.96
0.00 0.00 0.04 46.37 0.00 2.16 0.00 47.80 0.00 0.13 99.96
0.00 0.00 tr 0.72 0.00 tr 0.00 tr tr 25.51 99.87
0.00 0.00 0.00 0.11 0.00 0.05 0.00 tr 0.00 0.00 99.96
0.00 0.00 0.06 2.92 0.00 tr 0.00 0.38 0.00 22.58 99.95
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General view to left
Patch to back bow 
F118644B
Patch tube 1 
F118648
Tube 2 
F118649B
Patch tube 2 
F118650B
F118642B
General view to right with points of analysis
Garland
F118643B
F118645B-
Upper
F118646B
Middle collar 
F118647
Detail patch to back bow
Inscription NICHOLAS WINKINGS 
FIGURE F.18 FRENCH HORN BY NICHOLAS WINKINGS. EUCHMI (2493)
Detail mouthpiece receiver
Lower
APPENDIX 
F: THE 
M
USICAL 
INSTRUM
ENTS 
W
ITH 
THEIR 
FULL 
AN
ALYSES
424
Instrument Number
Instrument Name
Owner
Maker’s Name 
Maker's Inscription 
History
2493 Instrument I.D.
HORN, FRENCH
Edinburgh University Collection Historic Musical Instruments (EUCHMI) 
Nicholas Winkings Period 1732-1768
NICHOLAS WINKING/ MAKER IN RED LYON/ STREET HOLBORN/ LONDON
58
Chrono Date 1750
Bought by EUCHMI from Tony Bingham in 1985, who probably bought it at a sale, and he would have got it repaired before selling on (Tony Bingham). 
(EUCHMI catalogue 1997, Part H, Fascicle i, 16).
Repairs Three patch repairs to tube 2 and back bow., Mouthpiece receiver is in 3 parts soldered together.
Comments Bell, garland, Mouthpiece receiver, tube: cementation brass. Patches: direct method brass.
on No. Section Date KV Number Location Summary
1 Bell 16-NOV-99 50 F118642B NMS 69% Copper / 30 % Zinc + some Ag, fe, Ni, Pb
2 Garland m ttttm tm 50 F118643B NMS 70 % Copper / 30 % Zinc + some Ag, As, Fe, Ni, Pb
3 Patch, backbow 16-NOV-99 50 F118644B NMS 65 % Copper / 35 % Zinc
4 Mouthpiece receiver, lower 16-NOV-99 50 F118645B NMS 69 % Copper / 30 % Zinc + some Ag, As, Fe, Pb
5 Mouthpiece receiver, upper 16-NOV-99 50 F118646B NMS 69% Copper / 29% Zinc /1 % Lead
6 Mouthpiece receiver, middli 16-NOV-99 50 F118647B NMS 69% Copper/ 30 % Zinc + some Ag, As, Fe, Ni, Pb, Sn
7 Patch, Tube 1 16-Nov-99 50 F118648B NMS 63 % Copper / 37 % Zinc
8 Tube, 2 16-NOV-99 50 F118649B NMS 69 % Copper/ 30 % Zinc + some Ag, Fe,Ni, Pb
9 Patch, Tube 2 16-NOV-99 50 F118650B NMS 64 % Copper / 36 % Zinc + some As
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Instrument Number 
Instrument Name 
Maker's Name
2493
HORN, FRENCH
Nicholas Winkings Period
Section No.
1 Bell
2 Garland
3 Patch, backbow
4  Mouthpiece receiver, lower segment
5 Mouthpiece receiver, upper segment
6 Mouthpiece receiver, middle collar
7 Patch, Tube 1
8 Tube, 2
9 Patch, Tube 2
Weight percent - Ag As Au Bi Cd Cu Co Fe
1 0.06 0.00 0.00 0.00 0.00 68.92 0.00 0.28
2 0.11 0.05 0.00 0.00 0.00 70.15 0.00 0.18
3 0.00 0.00 0.00 0.00 0.00 64.39 0.00 tr
4 0.08 0.20 0.00 0.00 0.00 68.87 0.00 0.15
5 tr 0.00 0.00 0.00 0.00 69.32 0.00 tr
6 0.07 0.14 0.00 0.00 0.00 68.53 0.00 0.22
7 0.00 0.00 0.00 0.00 0.00 63.14 0.00 tr
8 0.06 tr 0.00 0.00 0.00 69.25 0.00 0.16
9 0.00 0.07 0.00 0.00 0.00 63.59 0.00 0.00
Instrument I.D. 58
1732-1768 ChronoDate 1750
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.08 0.27 0.00 0.00 0.00 0.00 0.00 30.29 99.90
0.00 0.00 0.05 0.32 0.00 0.00 0.00 tr 0.00 29.07 99.93
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 35.57 99.96
0.00 0.00 tr 0.50 0.00 tr 0.00 tr tr 30.08 99.88
0.00 0.00 tr 1.13 0.00 0.00 0.00 0.00 0.00 29.43 99.88
0.00 0.00 0.14 0.51 0.00 0.00 0.00 0.52 0.00 29.86 99.99
0.00 0.00 tr tr 0.00 0.00 0.00 tr 0.00 36.73 99.87
0.00 0.00 0.06 0.30 0.00 tr 0.00 tr 0.00 30.06 99.89
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 36.28 99.94
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F118663B
F118923B.
Bell I 
F118667B
Collar
0
General view to left
F118924B
Collar to tube
General view to right with points of analysis
Inner bell showing repairs 
FIGURE F.19 FRENCH HORN BY NICHOLAS WINKINGS. EUCHMI (2492)
Inscription NICHS WINKINGS RED LION STREET
Garland
Tube 1
Mouthpiece receiver 
F118922B
Tube 2
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
2492 Instrument I.D. 104
HORN, FRENCH
Edinburgh University Collection Historic Musical Instruments (EUCHMI)
Nicholas Winkings Period 1732-1768 Chrono Date 1760
NICHS WINKINGS MAKER RED LION STREET HOLBORN LONDON
Bought by EUCHMI in 1986 from Tony Bingham, Dealer, probably from a sale. Restored prior to resale. (EUCHMI catalogue 1997, Part H, Fascicle i, 15).
Repairs Patch repairs to bell, and tubes, mostly solder. Probably restored by Seller prior to sale.
Comments Bell, tube, mouthpiece receiver cementation brass. Tube 1, collar to tube 1 and patch: direct method brass. ‘Analysis of garland: this was difficult 
to access and it was only possible to focus one laser on the object, therefore results are suspect. Kathy Eremin, operator, comments that if results 
compare with other Winkings objects to within a couple % then ok, but if significantly different then cannot use the results to say they are a 
different alloy. Copper smiths 'nips' to bell = 6mm.
ion No. Section Date KV Number Location Summary
1 Tube, 2 17-Nov-99 50 F118663B NMS 69 % Copper / 30 % Zinc + some Ag, Fe, Ni, Pb
2 Patch, inner bell 17-Nov-99 50 F118664B NMS 63 % Copper / 37 % Zinc + some Pb, Sn
3 Bell 17-NOV-99 50 F118667B NMS 70 % Copper / 28 % Zinc + some As, Fe, Ni, Pb
4 Mouthpiece receiver 18-Nov-99 50 F118922B NMS 70 % Copper / 29 % Zinc + some Ag, Fe, Pb
5 Tube, 1 18-NOV-99 50 F118923B NMS 63% Copper/ 37% Zinc
6 Collar, to tube 18-Nov-99 50 F118924B NMS 63 % Copper / 37 % Zinc
7 Bell, inner 18-Nov-99 50 F118925B NMS 73 % Copper / 26 % Zinc + some Ag, Fe, Pb
8 •Garland 18-NOV-99 35/50 F118926B NMS 66 % Copper / 33 % Zinc + some Pb
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Instrument Number 
Instrument Name 
Maker's Name
2492
HORN, FRENCH
Nicholas Winkings Period
Section No.
1 Tube, 2
2 Patch, inner bell
3 Bell
4  Mouthpiece receiver
5 Tube, 1
6 Collar, to tube
7 Bell, inner
8 "Garland
Weight perce nt- Ag As
1 0.05 0.00
2 0.00 0.00
3 tr 0.18
4 0.06 0.00
5 0.00 0.00
6 0.00 0.00
7 0.08 0.00
8 tr nd
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 tr
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
68.62 0.00 0.18
62.84 0.00 tr
70.02 0.00 0.26
70.08 0.00 0.35
63.16 0.00 tr
63.21 0.00 tr
72.66 0.00 0.25
65.73 0.00 tr
Instrument I.D. 104
1732-1768 ChronoDate 1760
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.06 0.72 0.00 tr 0.00 tr 0.00 30.29 99.92
0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.07 0.00 36.95 99.94
0.00 0.00 0.18 0.99 0.00 0.00 0.00 tr 0.00 28.31 99.94
0.00 0.00 0.00 0.75 0.00 0.00 0.00 tr 0.00 28.72 99.96
0.00 0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 36.79 99.95
0.00 0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 36.74 99.95
0.00 0.00 0.00 0.74 0.00 0.00 0.00 tr 0.00 26.19 99.92
0.00 0.00 nd 1.37 0.00 0.00 0.00 0.00 0.00 32.76 99.86
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118685B
Yard 2 
F118687B
Crook
F118690B3292f
F118691EJi I 7*F1186931
3292d
Crook 
F118692B
Crook
3292c
Crook
Tuning bit 
F118696B
Jk  :
Garland
F118689B
Crooks and tuning bits
Detail patch repair Yard 2
Inscription NICHOLAS WINKINGS 
FIGURE F.20 NATURAL TRUMPET BY NICHOLAS WINKINGS. EUCHMI (3282)
General view to left with points of analysis
General view to right
Ball
/F118686B
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
3282 Instrument I.D.
TRUMPET, NATURAL
Edinburgh University Collection Historic Musical Instruments (EUCHMI) 
Nicholas Winkings Period 1732-1768
NICHOLAS/WINKINGS/ MAKER/LONDON
103
Chrono Date 1750
On loan from Shaw Hellier Collection, current owner J.W.Phillips (a descendant). The Trumpet was possibly bought by Col.T.B.Shaw-Helier (1836-1910) 
rather than Sir Samuel Helier as it does not feature on Sir Samuel's list of his instruments (GSJ 1965,18,5-6; EUCHMI catalogue 1996 Vol 2 Part H 
Fascicle iii,26-27).
Repairs Solder repair to second yard. When Eric Halfpenny discovered the collection he organised repairs on behalf of the owners. (GSJ 1965,18)
Comments Mainly cementation brass. Crook, tuning bit: direct method brass, more modern replacements.
ion No. Section Date KV Number Location Summary
1 Bell 18-Nov-99 50 F118685B NMS 69 % Copper / 30 % Zinc + some Ag, Fe, Pb
2 Ball 18-NOV-99 50 F118686B NMS 74 % Copper / 22 % Zinc / 2 % Pb + some Ag, Fe, Sb, Sn
3 Yard, 2 18-NOV-99 50 F118687B NMS 67 % Copper / 31 % Zinc /1 % Lead + some Fe, Ni
4 Patch, repair to yard 2 18-Nov-99 50 F118688B NMS 74% Copper / 26 % Zinc + some Fe, Sn
5 Garland 18-NOV-99 50 F118689B NMS 69 % Copper / 29 % Zinc / 2 % Lead + some Ag
6 Crook (3292f) 18-NOV-99 50 F118690B NMS 80 % Copper / 20 % Zinc + some Fe, Pb
7 Crook(3292e) 18-Nov-99 50 F118691B NMS 80 % Copper / 20 % Zinc + some Ag, As, Fe, Pb
8 Crook(3292d) 18-Nov-99 50 F118692B NMS 65 % Copper / 34 % Zinc /1 % Lead + some Ag, Fe
9 Crook (3292c) 18-NOV-99 50 F118693B NMS 87% Copper / 12 % Zinc /1 % Lead + some Ag, As, Fe
10 Tuning bit (3292a) 18-NOV-99 50 F118696B NMS 64 % Copper / 35 % Zinc /1 % Lead + some Fe
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Instrument Number 3282
Instrument Name
Maker's Name
Section No.
TRUMPET, NATURAL
Nicholas Winkings Period
1 Bell
2 Ball
3 Yard, 2
4  Patch, repair to yard 2
5 Garland
6 Crook (3292f)
7 Crook (3292e)
8 Crook(3292d)
9 Crook (3292c)
10 T uning bit (3292a)
Weight percent-
co
Ag As
1 0.09 0.00
2 0.09 0.00
3 tr 0.00
4 0.00 0.00
5 0.06 0.00
6 tr 0.00
7 0.06 0.44
8 0.05 0.00
9 0.09 0.21
10 tr 0.00
Au B1 Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 tr
0.00 0.00 tr
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
68.74 0.00 0.19
74.15 0.00 0.80
67.37 0.00 0.23
73.54 0.00 0.06
68.79 0.00 tr
79.60 0.00 0.05
79.44 0.00 0.05
64.52 0.00 0.06
87.14 0.00 0.07
64.21 0.00 0.08
Instrument I.D. 103
1732-1768 ChronoDate 1750
Mg Mn NI Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.75 0.00 0.00 0.00 tr 0.00 30.16 99.93
0.00 0.00 0.00 2.39 0.00 0.08 0.00 0.44 0.00 22.05 100.00
0.00 0.00 0.11 1.38 0.00 tr 0.00 tr 0.00 30.82 99.91
0.00 0.00 0.00 tr 0.00 tr 0.00 0.34 0.00 25.97 99.91
0.00 0.00 0.00 1.85 0.00 tr 0.00 tr 0.00 29.22 99.92
0.00 0.00 0.00 0.40 0.00 0.00 0.00 0.00 0.00 19.85 99.90
0.00 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00 19.62 99.94
0.00 0.00 0.00 1.11 0.00 0.00 0.00 0.00 0.00 34.21 99.95
0.00 0.00 0.00 0.91 0.00 tr 0.00 tr 0.00 11.52 99.94
0.00 0.00 0.00 1.06 0.00 0.00 0.00 tr 0.00 34.56 99.91
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Bell
AM298
Solder
Solder'
Solder repair 
Stay
HM202h
General view to left with points of analysis
HM202f
Inscription NICHOLAS WINKINGS 
View of interior of instrument and coils
FIGURE F.21 HORN BY NICHOLAS WINKINGS. HORNIMAN MUSEUM (M39-1983)
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Instrument Number 
Instrument Name 
Owner
Maker's Name 
Maker's Inscription
History
Repairs
Comments
M39-1983
HORN, NATURAL
Horniman Museum. London 
Nicholas Winkings Period
NICHOLAS /  WINKINGS /  MAKER /  LONDON
Instrument I.D. 12
1732-1768 Chrono Date 1750
ex- Dolmetsch collection. Acquired by Horniman Museum from Dolmetsch in 1983. Examined by Michael Wright and Anthony Halstead 28 June 1985. Michael 
Wright was of the opinion that the instrument dated from the mid 18th century. The bell has been finished on a lathe and has a double screw rim, The 
mouthpipe is possibly a modification.
Restoration: Peter Barton Associates, Grenville Workshops, London: "Bell soldered to tube. Split in tube repaired, damage at mouthiece receiver 
repaired. Polished and cleaned with Duraglit It was impossible to repair the large splits in the top and bottom coils so it is still leaking.
Appears to play in C.The large soldered patches probably date from C19th. Also cleaned with Duraglit" (Information: Horniman Museum history files)
Fairly clean 70:30 copper/ zinc mix, probably cementation brass because of low zinc and lead, but could be direct method brass.
Section No. Section Date KV Number Location Summary
1 Bell 31-Dec-99 60 AM298 TOL 70 % Copper / 28 % Zinc /1% Lead
2 Stay, bell support 31-Dec-99 60 AM298A TOL 70 % Copper / 28 % Zinc / 2% Pb + some Sn
3 Solder, to Bell support 31-Dec-99 60 AM298B TOL 62 % Tin / 38 % Lead + some As
4 Solder, between tubes 31-Dec-99 60 AM298C TOL 59 % Tin / 42 % Lead + some As
5 Bell (2) 05-Jun-02 40 HM202a RLAHA 69% Copper / 30% Zinc + some Fe, <1% Pb
6 Backbow 05-Jun-02 40 HM202b RLAHA 69 % Copper / 31 % Zinc + some Ni
7 Tube segment, 4 05-Jun-02 40 HM202C RLAHA 70 % Copper / 30 % Zinc + some Pb
8 Mouthpiece receiver 05-Jun-02 40 HM202d RLAHA 70% Copper/ 30% Zinc
9 Stay (2) 05-Jun-02 40 HM202e RLAHA 69% Copper / 30% Zinc /1% Lead+ some Fe, Sn
10 Solder to stay at mouthpiec 05-Jun-02 40 HM202f RLAHA 64% Tin / 36% Lead
11 Solder, repair to tube segm 05-Jun-02 40 HM202g RLAHA 52% Tin/48% Lead
12 Solder, to back tube 05-Jun-02 40 HM202h RLAHA 53% Tin/47% Lead
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Instrument Number M39-1983
Instrument Name 
Maker's Name 
Section No.
Weight percent -
HORN, NATURAL
Nicholas Winkings Period
1 Bell
2 Stay, bell support
3 Solder, to Bell support
4  Solder, between tubes
5 Bell (2)
6 Backbow
7 Tube segment, 4
8 Mouthpiece receiver
9 Stay (2)
10 Solder to stay at mouthpiece receiver
Ag As Au Bi Cd Cu Co Fe
1 0.00 0.00 0.00 0.00 0.00 70.53 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 69.79 0.00 0.00
3 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00
4 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 69.19 tr 0.10
6 tr 0.00 0.00 0.00 0.00 69.26 tr tr
7 0.00 0.00 0.00 0.00 0.00 69.44 0.00 tr
8 tr 0.00 0.00 0.00 0.00 69.30 0.00 tr
9 0.00 0.00 0.00 0.00 0.00 68.76 0.00 0.28
10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Instrument I.D. 12
1732-1768 ChronoDate 1750
11 Solder, repair to tube segment, 2
12 Solder, to back tube
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 1.17 0.00 0.00 0.00 0.00 0.00 28.30 100.00
0.00 0.00 0.00 2.07 0.00 0.00 0.00 0.09 0.00 28.05 100.00
0.00 0.00 0.00 37.53 0.00 0.00 0.00 62.47 0.00 0.00 100.15
0.00 0.00 0.00 41.47 0.00 0.00 0.00 58.53 0.00 0.00 100.33
0.00 0.00 0.00 0.82 0.00 0.00 0.00 0.00 0.00 29.99 100.10
0.00 0.00 0.14 0.00 0.00 0.00 0.00 tr 0.00 30.73 100.13
0.00 0.00 tr 0.47 0.00 0.00 0.00 0.00 0.00 30.09 100.00
0.00 0.00 0.00 tr 0.00 0.00 0.00 tr 0.00 30.69 99.99
0.00 0.00 0.00 1.05 0.00 0.00 0.00 0.36 0.00 29.91 100.36
0.00 0.00 0.00 35.98 0.00 tr 0.00 64.02 0.00 0.00 100.00
0.00 0.00 0.00 47.95 0.00 tr 0.00 52.05 0.00 0.00 100.00
0.00 0.00 0.00 47.41 0.00 tr 0.00 52.59 0.00 0.00 100.00
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rG arla n dHM190b
Bell 
HM190e
Mouthpiece
receiver
HM190d
HM190c
General view to left with points of analysis General view to right
Detail mouthpiece receiver Inscription JOHN CHRISTOPHER HOFMASTER
FIGURE F.22 ORCHESTRAL HORN BY JOHN CHRISTOPHER HOFMASTER. BATE COLLECTION (x606)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
Repairs
Comments
x606 Instrument I.D. 59
HORN, ORCHESTRAL
Bate Collection, Oxford University 
John Christopher Hofmaster Period 1742-1764
JOHN/ CHRISTOPHER HOFMASTER/ IN PICCADILLY/ LONDON/17-
Chrono Date 1749
One of a pair of orchestral horns, said to be portrayed in a painting of The Sharp Family1 by Zoffany (c.1779-1781). The painting shows the Sharp 
family playing musical instruments on board a river boat. The horns are lying on the piano.Loaned to the Bate. Collection in 1976 by Charles 
Lloyd-Baker of Hardwicke Court descendant of theSharp Family (IBate Collection catalogue; the painting hangs in the National Portrait Gallery, 
London).
When received part of the tube badly squashed and tear in bell -restored by Keith Burdett (brass instrument restorer, Suffolk) in 1980. (Bate Colin 
catalogue).
All probably cementation brass, as indicated by the lead content, but zinc content high and could be a direct method brass. This would place the 
instrument at a later date than that postulated by Harris (1996). Copper smiths tabs' = 20mm.
Section No. Section Date KV Number Location Summary
1 Bell 28-Jan-02 40 HM190e RLAHA 66% Copper / 32 % Zinc /1.6 % Pb + some Fe
2 Bell (2) 28-Jan-02 40 HM190a RLAHA 65% Copper/ 35% Zinc
3 Garland 28-Jan-02 40 HM190b RLAHA 65% Copper / 33 % Zinc / 2.4 % Pb
4 Mouthpiece receiver, tube 28-Jan-02 40 HM190d RLAHA 64% Copper / 35 % Zinc /1 % Pb + some Co
5 Tube 1, from mouthpiece re 28-Jan-02 40 HM190C RLAHA 66% Copper / 33 % Zinc / .5% Pb + some Fe
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Instrument Number x606
Instrument Name 
Makers Name 
Section No.
HORN, ORCHESTRAL
John Christopher Hofmaster Period
1 Bell
2 Bell (2)
3 Garland
4 Mouthpiece receiver, tube
5 Tube 1, from mouthpiece receiver
Weight percent - Ag As
1 tr 0.00
2 0.00 0.00
3 0.00 0.00
4 tr 0.00
5 0.00 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
66.28 tr 0.08
64.85 tr tr
64.92 0.00 0.00
63.83 0.02 0.00
65.98 0.00 0.21
Instrument I.D. 59
1742-1764 ChronoDate 1749
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 tr 1.59 0.00 0.00 0.00 0.00 0.00 32.04 99.99
0.00 0.00 0.00 0.00 0.00 0.00 0.00 tr 0.00 35.14 99.99
0.00 0.00 0.00 2.40 0.00 0.00 0.00 0.00 0.00 32.67 99.99
0.00 0.00 0.00 1.37 0.00 tr 0.00 0.00 0.00 34.78 100.00
0.00 0.00 0.00 0.54 0.00 0.00 0.00 0.00 0.00 33.26 99.99
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HM196e
Mouthpiece
Tube 
HM196C
receiver
HM196d
Detail mouthpiece receiver with points of analysis
Inner bell showing black paint and metal smiths join |nscrjptjon J0HN CHRIST0PHER HOFMASTER
FIGURE F.23 HORN BY JOHN CHRISTOPHER HOFMASTER. SALTRAM HOUSE PLYMOUTH (SH1)
Tube 
HM1
Mouthpiece 
receiver 
HM196d
Bell
HM196a
General view to right with points of analysis
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
Repairs
Comments
SH1 Instrument I.D. 10
HORN, HUNTING
Saltram House, National Trust, Plymouth 
John Christopher Hofmaster Period 1742-1764
JOHN/ CHRISTOPHER HOFMASTER/ IN PICCADILLY/ LONDON/17-
Chrono Date 1760
Associated with a painting by William Tomkins (1730-1792) The Amphitheatre at Saltram' signed and dated to 1770. It depicts two hom players
peforming a duet for guests arriving by boat. It is suggested that this horn and the Winkings one (SH2) on display in Saltram House, and long
associated with the house, are the same ones.
Bell is very badly damaged and there is a piece of the tube missing to connect up with the mouthpiece receiver, 
the instrument has survived untouched at Saltram House.
All in one coil from the bell, Fe wire to rim, inner bell painted black. All cementation brass as indicated by high lead content but bell and garland 
could be direct method brass. Illustrates the grey area of overlapping of the two technologies.
Section No. Section Date KV Number Location Summary
1 Bell 18-Feb-02 40 HM196a RLAHA 69% Copper/ 29% Zinc / <2 % Pb + some Ag,Co,Fe
2 Garland 18-Feb-02 40 HM196b RLAHA 69% Copper/ 29% Zinc / <2 % Pb + some Co, Fe
3 Tube, next to mouthpiece rt 18-Feb-02 40 HM196C RLAHA 72% Copper/ 25% Zinc / 2 % Pb + some Co, Fe
4 Mouthpiece receiver, tube 18-Feb-02 40 HM196d RLAHA 70% Copper / 29% Zinc /1% Pb + some Ag, Fe
5 Tube 18-Feb-02 40 HM196e RLAHA 73% Copper / 25% Zinc 1 % Pb + some Ag,Co,Fe,Ni
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Instrument Number SH1
Instrument Name 
Maker's Name 
Section No.
HORN, HUNTING
John Christopher Hofmaster Period
Bell
Garland
Tube, next to mouthpiece receiver 
Mouthpiece receiver, tube 
Tube
Weight perce nt- Ag As
1 0.23 0.00
2 tr 0.00
3 tr 0.00
4 0.21 tr
5 0.21 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
68.67 0.02 0.23
69.10 0.02 0.23
72.41 0.04 0.43
69.78 tr 0.49
73.48 0.04 0.66
Instrument I.D. 10
1742-1764 ChronoDate 1760
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 1.73 0.00 0.00 0.00 0.00 0.00 29.34 100.22
0.00 0.00 0.00 1.72 0.00 0.00 0.00 0.00 0.00 28.92 99.99
0.00 0.00 tr 1.97 0.00 0.00 0.00 0.00 0.00 25.15 100.00
0.00 0.00 tr 0.95 0.00 0.00 0.00 0.00 0.00 28.78 100.21
0.00 0.00 0.13 0.99 0.00 0.00 0.00 0.00 0.00 24.69 100.20
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^  General view to left with a series of crooks
... i m i o - r ^ n . , lr tr il4 n T rn  Painted interior of bellInscription JOHN CHRISTOPHER HOFMASTER
FIGURE F.24 ORCHESTRAL HORN. JOHN CHRISTOPHER HOFMASTER. EUCHMI (3296)
-Crook 
30/9 
F12504!
Painted inner 
surface to bell
General view to right with points of analysis
Mouthpiece^
receiver
F125043B
Brook 
r30/5 
F125039
C ro o k^ ^  Crook 
30/6 30/7
125047B F125048B
Crook
30/3
125040B
Bell
F125038B
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
Repairs
3296 Instrument I.D.
HORN, ORCHESTRAL
Edinburgh University Collection Historic Musical Instruments (EUCHMI)
John Christopher Hofmaster Period 1742-1764
JOHN/ CHRISTOPHER HOFMASTER/ IN PICCADILLY/17-
61
Chrono Date 1760
Horn possibly bought to form a pair by Sir Samuel Hellier. Rediscovered by Eric Halfpenny in the 1960's. This along with other instruments found in 
the attic/barn. Sir Samuel Hellier had bought in instruments as recreation for his tenants (GSJ 1965).Possibly bought about 1760 (Frew and Myers 
2003; EUCHMI catalogue 1997, Part H, Fascicle i, 17). On loan to the EUCHMI from J.W.Philips (a descendant of Shaw Hellier).
Restored to bright polish and rewound with red binding before being loaned to EUCHMI. Possibly by Eric Halfpenny in the 1960's (GSJ 1965).
Comments Cementation brass, not very clean.. Fe wire in rim to garland.
Section No. Section Date KV Number Location Summary
1 Bell 16-Jan-02 50 F125038B NMS 69 % Copper / 30 % Zinc + some Ag, As, Fe, Ni, Pb, Sb
2 Garland 16-Jan-02 50 F125061B NMS 70 % Copper / 28 % Zinc /1% Pb + some Ag, Fe, Ni, Pb, Sb, Sn, Ti
3 Crook (M30/10) 16-Jan-02 50 F125041B NMS 70 % Copper / 30 % Zinc + some Ag, Fe, Ni, Pb, Sn
4 Crook (M30/5) 16-Jan-02 50 F125039B NMS 68 % Copper / 30 % Zinc /1% Pb + some Ag, As, Fe, Ni, Sn
5 Crook (M30/3) 16-Jan-02 50 F125040B NMS 80 % Copper / 20 % Zinc + some Ag, As, Fe, Pb, Sn
6 Solder, to Crook (M30/10) 16-Jan-02 50 F125042B NMS 55 % Lead /14 % Tin - Pb/Sn solder but picking up some brass
7 Mouthpiece receiver 16-Jan-02 50 F125043B NMS 65 % Copper / 33 % Zinc / 2 % Pb + some Ag, As, Fe, Ni, Sb, Sn
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Instrument Number 3296
Instrument Name 
Maker's Name 
Section No.
HORN, ORCHESTRAL
John Christopher Hofmaster Period
1 Bell
2 Garland
3 Crook (M30/10)
4  Crook (M30/5)
5 Crook (M30/3)
6 Solder, to Crook (M30/10)
7 Mouthpiece receiver
Weight percent - Ag As
1 0.03 0.06
2 0.04 0.00
3 0.07 0.00
4 0.04 0.11
5 0.05 0.47
6 0.10 0.00
7 0.02 0.05
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fo
68.99 0.00 0.10
70.17 0.00 0.26
69.24 0.00 0.19
68.24 0.00 0.44
79.26 0.00 0.04
20.38 0.00 0.13
65.18 0.00 0.27
Instrument I.D. 61
1742-1764 ChronoDate 1760
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.21 0.73 0.00 0.02 0.00 0.00 0.00 29.85 99.99
0.00 0.00 0.11 0.88 0.00 0.04 0.00 0.09 0.02 28.40 100.01
0.00 0.00 0.08 0.73 0.00 0.00 0.00 0.03 0.00 29.66 100.00
0.00 0.00 0.17 1.04 0.00 0.00 0.00 0.02 0.00 29.92 99.98
0.00 0.00 0.00 0.33 0.00 0.00 0.00 0.02 0.00 19.82 99.99
0.00 0.00 0.04 55.49 0.00 0.27 0.00 13.46 0.00 10.12 99.99
0.00 0.00 0.02 1.64 0.00 0.02 0.00 0.03 0.00 32.77 100.00
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Garland
F125060B’
F125045B
Crook M30/4 
F125046B
I  Crook _ 
Y  m  M30/10 
C r o o k ^ F  125041 
F1 2 5 0 4 2 1 ^ - ^
roo*
M30/8
F125046Bf2)
General view to right with crooks and points of analysis
Belf
F125044B
General view to left with point of analysis
Inscription JOHN CHRISTOPHER HOFMASTER
FIGURE F.25 ORCHESTRAL HORN BY JOHN CHRISTOPHER HOFMASTER. EUCHMI. EDINBURGH (3297)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
Repairs
Comments
3297 Instrument I.D.
HORN, ORCHESTRAL
Edinburgh University Collection Historic Musical Instruments (EUCHMI) 
John Christopher Hofmaster Period 1742-1764
JOHN/ CHRISTOPHER HOFMASTER/ IN PICCADILLY/ LONDON/17-
Chrono Date 1760
Probably one of a pair of horns acquired by Sir Samuel Hellier (1736-1784) for orchestral use at Womboume, Staffordshire.Rediscovered by Eric 
Halfpenny in the 1960's. This along with other instruments found in the attic/barn.(EUCHMI catalogue 1997, Part Fascicle i, 19). On loan from Shaw 
Hellier Collection (in Warwick Museum in 1960’s), current owner J.W.Phillips (a descendant). (Workshop drawings to be published 2003)
Restored before given on loan to the EUCHMI. Highly polished and new red binding to tubes. This may have been done by Eric Halfpenny (GSJ 1965; 
Arnold Myers Curator EUCHMI).
Bell has gusset and has been painted dark brown on the inside. All cementation brass, except for one crook, which is a modern replacement and is a 
'clean' 70/30 direct method brass. The horn is probably from the same piece of sheet metal as the pattern of trace elements is similar for each area 
analysed.
Section No. Section Date KV Number Location Summary
1 Bell 16-Jan-02 50 F125044B NMS 70 % Copper / 28 % Zinc / 1 % Pb + some Ag, Fe, Ni, Sb, Sn
2 Bell (2) 16-Jan-02 50 F125045B NMS 70 % Copper / 28 % Zinc /1 % Pb + some Ag, Fe, Ni, Sb, Sn
3 Garland 16-Jan-02 50 F125060B NMS 70 % Copper / 28% Zinc / 1 % Pb + some Ag, As, Fe, Ni, Sb, Sn
4 Crook (M30/4) 16-Jan-02 50 F125046B NMS 80 % Copper / 20 % Zinc + some Ag, As, Fe, Sb, Sn
5 Crook (M30/8) 16-Jan-02 50 F125046B NMS 68 % Copper / 31 % Zinc /1 % Lead + some Ag, As, Fe, Ni, Sb
6 Crook (M30/6) 16-Jan-02 50 F125047B NMS 69% Copper / 30 % Zinc + some Ag, As, Fe, Ni, Sb, Sn
7 Crook (M30/7) 16-Jan-02 50 F125048B NMS 70 % Copper / 30 % Zinc + some Pb, Sn
8 Crook (M30/9) 16-Jan-02 50 F125049B NMS 69% Copper/ 30 % Zinc + some Ag, Fe, Ni, Sb, Sn
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
5
6
7
8
3297
HORN, ORCHESTRAL
John Christopher Hofmaster Period
Bell 
Bed (2) 
Garland 
Crook (M30/4) 
Crook (M30/8) 
Crook (M30/6) 
Crook (M30/7) 
Crook (M30/9)
Weight percent - Ag As
1 0.06 0.00
2 0.04 0.00
3 0.06 0.09
4 0.05 0.24
5 0.03 0.35
6 0.05 0.19
7 0.00 0.00
8 0.02 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
69.93 0.00 0.34
70.34 0.00 0.33
70.47 0.00 0.32
79.68 0.00 0.05
68.00 0.00 0.14
68.42 0.00 0.18
70.45 0.00 0.00
68.60 0.00 0.45
Instrument I.D.
1742-1764 ChronoDate 1760
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.09 1.13 0.00 0.02 0.00 0.06 0.00 28.37 100.00
0.00 0.00 0.12 0.84 0.00 0.01 0.00 0.04 0.00 28.23 99.95
0.00 0.00 0.12 0.88 0.00 0.04 0.00 0.05 0.00 27.98 100.01
0.00 0.00 0.00 0.27 0.00 0.02 0.00 0.01 0.00 19.65 99.97
0.00 0.00 0.13 0.70 0.00 0.01 0.00 0.00 0.00 30.65 100.01
0.00 0.00 0.16 0.64 0.00 0.02 0.00 0.02 0.00 30.33 100.01
0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.04 0.00 29.41 99.97
0.00 0.00 0.16 0.96 0.00 0.02 0.00 0.01 0.00 29.79 100.01
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General view to left General view to right
Mouthpiece
receiver
HM191C
G arland
HM191b
Mouthpiece 
HM191d Bell
HM191a
Detail mouthpiece receiver Inscription JOHN CHRISTOPHER HOFMASTER
FIGURE F.26 ORCHESTRAL HORN BY JOHN CHRISTOPHER HOFMASTER BATE COLLN. (x607)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker’s Inscription 
History
Repairs
Comments
x607 Instrument I.D. 60
HORN, ORCHESTRAL
Bate Collection. Oxford University 
John Christopher Hofmaster Period 1751-1764
JOHN/ CHRISTOPHER HOFMASTER/ IN PICCADILLY/ LONDON/17-
Chrono Date 1764
One of a pair of orchestral horns, said to be portrayed in a painting of The Sharp Family' by Zoffany (1779-1781). The painting shows the Sharp 
family playing musical instruments on board a river boat. The horns are lying on the piano. Loaned to the BateCollection in 1976 by Charles 
Lloyd-Baker of Hardwicke Court descendant of the Sharp Family (Bate Collection catalogue; the painting hangs in the National Portrait Gallery, 
London).
When received on loan to the Bate collection the bell was crumpled. The bell was repaired, the inside of the bell painted red, the G master and 4
couplers made by Keith Burdett (brass instrument restorer) in 1980. (Bate Collection Catalogue)
Garland, bell, mouthpiece receiver could be a direct method brass, but the lead content is high which suggest it might be a good quality cementation
brass.This is an interesting piece and illustrates the ’gre/ area in the change of technology.
Summary
66 % Copper / 33 % Zinc /1.4 % Pb
66 % Copper / 31 % Zinc / 3% Pb
67% Copper / 33 % Zinc + some Co, Fe
64% Copper / 32% Zinc /1.7 % Pb /1.4 % Sn + some Fe
Section No. Section Date KV Number Location
1 Garland 28-Jan-02 40 HM191b RLAHA
2 Bell 28-Jan-02 40 HM191a RLAHA
3 Mouthpiece receiver 28-Jan-02 40 HM191C RLAHA
4 Mouthpiece 28-Jan-02 40 HM191d RLAHA
APPENDIX 
F: THE 
M
USICAL 
INSTRUM
ENTS 
W
ITH 
THEIR 
FULL 
A
N
A
LYSES
449
Instrument Number 
Instrument Name 
Maker's Name
x607
HORN, ORCHESTRAL
John Christopher Hofmaster Period
Section No.
Weight percent -
Garland
Bell
Mouthpiece receiver 
Mouthpiece
Ag As Au Bi Cd Cu Co Fe
tr 0.00 0.00 0.00 0.00 65.86 0.00 0.00
0.00 0.00 0.00 0.00 0.00 66.30 0.00 0.00
0,00 Q.QQ Q.QQ Q.QQ 0.00 67.32 0.03 0.09
0.00 0.00 0.00 0.00 0.00 64.12 tr 0.37
(
Instrument I.D. 60
1751-1764 ChronoDate 1764
Mg Mn NI Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 1.49 0.00 0.00 0.00 0.00 0.00 32.64 99.99
0.00 0.00 0.00 2.86 0.00 0.00 0.00 0.00 0.00 30.83 90.99
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 32.64 100.08
0.00 0.00 0.00 1.76 0.00 0.00 0.00 1.39 0.00 32.36 100.00
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HM224e
Mouthpiece
receiver
HM224d
General view to right with crooks and points of analysis
Tube, 1 
HM224c
Crook,3
HM224a
Garland
H M 2 2 4 b
Detail mouthpiece receiver Inscription GEORGE HENRY RODENBOSTEL
FIGURE F.27 ORCHESTRAL HORN BY GEORGE HENRY RODENBOSTEL. FOLK MUSEUM GLOUCESTER (F1536)
General view to left
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
Repairs
Comments
F1536 Instrument I.D.
HORN, ORCHESTRAL
Folk Museum Gloucester 
George Henry Rodenbostel Period 1763-1789
GEORGE/ HENRY RODENBOSTEL/ IN PICCADILLY/ LONDON/17-
114
Chrono Date 1763
The horns were purchased by Squire Nathaniel Winchcombe (later changed his name to Clifford) for the Frampton Volunteers. They were delivered on 8 
August 1798.lt is likely that Rodenbostel is dead by this this date and the instruments were probably bought through a London dealer.They remained 
in the Clifford family until donated to the Folk Museum at Gloucester in 1948 through Mrs Clifford of Frampton Court. [Folk Museum records]
Solder repairs to both tubes. Not cleaned.Crooks: No.1 badly damaged and bad lead repairs. Lead repairs to Crook 2 as well. In the Museum 
correspondence in a letter from the Curator to Miss Miller of Frampton Court dated 18 Dec 1950 "In restoring theFrampton instruments some time ago 
we found several parts missing". But no clarification of which.
The horn is interesting as it illustrates how difficult it is at the end of the 18th century to quantify whether the brass has been produced by the 
cementation or direct method of making brass.
Summaryon No. Section Date KV Number Location
1 Bell 06-Aug-02 40 HM224a RLAHA 68% Copper/
2 Garland 06-Aug-02 40 HM224b RLAHA 64% Copper/
3 Tube, 1 06-Aug-02 40 HM224c RLAHA 68 % Copper /
4 Mouthpiece receiver 06-Aug-02 40 HM224d RLAHA 67% Copper/
5 Crook, 3 06-Aug-02 40 HM224e RLAHA 69 % Copper /
Zinc + some As, Fe.Pb.
Zinc + some Pb - direct method brass.
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Instrument Number F1536
Instrument Name 
Maker's Name 
Section No.
HORN, ORCHESTRAL
George Henry Rodenbostel Period
1 Bell
2 Garland
3 Tube, 1
4  Mouthpiece receiver
5 Crook, 3
Weight percent - Ag As
1 tr 0.20
2 0.00 0.30
3 0.00 0.10
4 0.00 tr
5 0.00 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
67.88 0.03 tr
64.04 tr 0.19
67.88 0.03 0.24
67.04 0.02 tr
68.85 0.03 0.33
Instrument I.D. 114
1763-1789 ChronoDate 1763
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 tr 2.00 0.00 0.00 0.00 0.00 0.00 29.98 100.09
0.00 0.00 tr 1.50 0.00 0.00 0.00 tr 0.00 34.15 100.18
0.00 0.00 0.00 0.24 0.00 tr 0.00 0.00 0.00 31.60 100.09
0.00 0.00 0.00 0.35 0.00 tr 0.00 tr 0.00 32.58 99.99
0.00 0.00 0.21 1.55 0.00 0.00 0.00 0.00 0.00 29.01 99.98
APPENDIX 
F: THE 
M
USICAL 
INSTRUM
ENTS 
W
ITH 
THEIR 
FULL 
A
N
A
LYSES
453
HM192f
HM192a
Bowt2
CollarSolderGarland
HM192b HM192c
repair 
HM192h HM192i
HM192g
Yard,1 Ferrule,2 
HM}92e HMl 92d
General view to left General view to right
Detail ball and yards
Inscription Geo. Henry Rodenbostel
FIGURE F.28 NATURAL TRUMPET BY GEORGE HENRY RODENBOSTEL. BATE COLLECTION (x72 )
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
x72
TRUMPET, NATURAL
Bate Collection, Oxford 
George Henry Rodenbostel Period 
Geo. Heny Rodenbostel Maker Piccadilly London 
Probably bought 'as new1 by Queens College Oxford.
Instrument I.D. 62
1763-1789 Chrono Date 1780
Repairs Lent by Queen's College, Oxford, in 1971 in poor condition. Restored by Philip Bate in December 1972 with new bows. Probably bought by Queen's
College 'as new1.
Comments All direct method brass. Ball: cementation brass, probably recycled metal. Bow 1: possibly cementation brass. Solder 58:42 tin/lead with some
antimony.
Section No. Section
1 Bell
2 Garland
3 Bow, first
4 Ferrule, 2
5 Yard, First
6 Ball
7 Solder, to collar repair to se
8 Repair to collar to Secondx
Date KV Number Location
28-Jan-02 40 HM192a RLAHA
28-Jan-02 40 HM192b RLAHA
28-Jan-02 40 HM192C RLAHA
28-Jan-02 40 HM192d RLAHA
28-Jan-02 40 HM192e RLAHA
28-Jan-02 40 HM192f RLAHA
28-Jan-02 50 HM192h RLAHA
28-Jan-02 40 HM192i RLAHA
Summary
65 % Copper/ 34 % Zinc /1% Pb + some Co, Fe
66 % Copper / 33 % Zinc / .5 % Pb + some Co, Fe 
72% Copper/ 27% Zinc +someCo,Sn
69 % Copper / 31 % Zinc + some Co, Fe 
65 % Copper / 33 % Zinc / 2% Pb + some Co, Fe 
77 % Copper / 20 % Zinc /1% Sn / <1% Pb / <1% Fe 
42% Lead / 58% Tin solder with some Sb 
64 % Copper / 36 % Zinc + some Co, Fe
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Instrument Number 
Instrument Name 
Maker's Name
x72
TRUMPET, NATURAL
George Henry Rodenbostel Period
Section No.
1 Bell
2 Garland
3 Bow, first
4 Ferrule, 2
5 Yard, First
6 Ball
7 Solder, to collar repair to second tube
8 Repair to collar to Second Yard
Weight percent - Ag As
1 tr 0.00
2 0.00 0.00
3 0.00 0.00
4 tr 0.00
5 0.00 0.00
6 tr 0.00
7 0.00 0.00
8 tr 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fo
65.32 0.04 0.22
66.29 0.03 tr
72.12 0.03 tr
68.71 0.04 0.21
65.29 0.03 0.20
77.40 0.03 0.77
0.00 0.00 0.00
64.09 0.02 0.07
Instrument I.D. 62
1763-1789 ChronoDate 1780
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.96 0.00 0.00 0.00 0.00 0.00 33.46 100.00
0.00 0.00 0.00 0.54 0.00 0.00 0.00 0.00 0.00 33.12 99.98
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.49 0.00 27.35 99.99
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 31.03 99.99
0.00 0.00 0.00 1.76 0.00 0.00 0.00 0.00 0.00 32.72 100.00
0.00 0.00 0.00 0.61 0.00 0.00 0.00 1.01 0.00 20.18 100.00
0.00 0.00 0.00 41.52 0.00 0.60 0.00 57.88 0.00 0.00 100.00
0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 35.73 100.06
APPENDIX 
F: THE 
MUSICAL 
INSTRUMENTS 
WITH 
THEIR 
FULL 
ANALYSES
456
HM225f\
Patch on 
back bow
Bell
HM225a
Garland
M ou thn ip rp  
receiver 
HM225d
Crook, 5 
HM225e
General view to right plus crooks and points of analysis
_ 4 .. . 4 . Inscription GEORGE HENRY RODENBOSTELDetail repairs to bell rim
FIGURE F.29 ORCHESTRAL HORN BY GEORGE HENRY RODENBOSTEL FOLK MUSEUM GLOUCESTER (F1537)
General view to right
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Instrument Number F1537 Instrument I.D. 113
Instrument Name HORN, ORCHESTRAL
Owner Gloucester Folk Museum
Maker’s Name George Henry Rodenbostel Period 1763-1789 Chrono Date 1789
Maker's Inscription : GEORGE/ HENRY RODENBOSTEL/ IN PICCADILLY/ LONDON/17- /
History The homs were purchased by Squire Nathaniel Winchcombe (later changed his name to Clifford) for the Frampton Volunteers. They were delivered on 8
August 1798. Rodenbostel was dead by this date, and the instruments were probably bought through a London dealer. They remained in the Clifford
family until donated to the Folk Museum at Gloucester in 1948 through Mrs Clifford of Frampton Court. (Folk Museum records)
Repairs
Comments
cn
• ^ i
Long patch repair down the back bow. The hom has been polished to bright, but not the crooks. In the Museum correspondence in a letter from the 
Curator to Miss Miller of Frampton Court dated 18 Dec 1950 "In restoring the Frampton instruments some time ago we found several parts missing". But 
no clarification of which.
All one coil, using direct method brass, with the exception of the mouthpiece receiver, which appears to be of cementation brass. This is highly 
possible in a workshop where both traditions would be overlapping and spare parts are re-used. It was only possible to look at 2 of the crooks, both 
are direct method brass, but Crook 5 which is supposed to be a more recent replacement is a much cleaner brass than Crook 4 which is supposed to be 
original. Similarly the repair to the backbow is a modern direct method clean brass.
on No. Section Date KV Number Location Summary
1 Bell 06-Aug-02 40 HM225a RLAHA 65% Copper / 32 % Zinc / 2.5%Pb + some As
2 Garland 06-Aug-02 40 HM225b RLAHA 68 % Copper / 30 % Zinc / 2% Lead + some As. Fe
3 Repair to backbow 06-Aug-02 40 HM225C RLAHA 67 % Copper / 33 % Zinc - direct method brass, very clean.
4 Mouthpiece receiver 06-Aug-02 40 HM225d RLAHA 73 % Copper / 24 % Zinc /1.8% Lead / 1.3%Tin + some Fe- cementation brass.
5 Crook, 5 06-Aug-02 40 HM225e RLAHA 67% Copper / 33 % Zinc - direct method brass, very clean.
6 Crook, 4 06-Aug-02 40 HM225f RLAHA 63 % Copper / 37 % Zinc + some Co, Fe - direct method brass.
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
5
F1537
HORN, ORCHESTRAL
George Henry Rodenbostel Period
Bell
Garland
Repair to backbow 
Mouthpiece receiver 
Crook, 5 
Crook, 4
Weight percent- Afl As
1 tr 0.30
2 tr 0.30
3 0.00 0.00
4 tr 0.00
5 0.00 0.00
6 tr tr
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
64.88 tr 0.00
68.14 0.04 0.31
66.54 tr 0.00
72.51 0.03 0.16
67.16 0.02 0.00
63.17 0.02 0.17
Instrument I.D. 113
1763-1789 ChronoDate 1789
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 tr 2.50 0.00 0.00 0.00 0.00 0.00 32.28 99.96
0.00 0.00 tr 2.00 0.00 tr 0.00 0.00 0.00 29.51 100.30
0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 0.00 33.46 100.00
0.00 0.00 tr 1.80 0.00 0.00 0.00 1.31 0.00 23.92 99.73
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 32.81 99.99
0.00 0.00 tr 0.15 0.00 tr 0.00 0.00 0.00 36.47 99.98
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Hammer marks
Bell
HM223a
Garland
~ . . . , „ ... . . , . Hammer marks on interior of bellGeneral view to left with points of analysis
General view to right with points of analysis
View of coils
FIGURE F.30 HAT HORN. HORNIMAN MUSEUM, (14.5.47/254)
inner bell
HM223C AM 332
HM22J
Mouthpiece JHM223e
HM223f
Mouthpiece receiver
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Instrument Number 14.5.47/254 Instrument I.D. 17
Instrument Name HAT HORN
Owner Horniman Museum
Maker’s Name Anonymous Period 1700- 1800 Chrono Date 1780
Maker's Inscription None
History Part of Adam Carse collection of European wind instruments donated to the Horniman Museum in 1947. The age and provenance is obscure. Adam Carse and
Morley-Pegge feel that it is 18th century English. Morley-Pegge suggests1705 (Horniman Museum registers).
Repairs Horn, coiled twelve times. The bell is attached by a screw collar that is detachable. This may not be original (Horniman Museum registers)
Comments An early date has been proposed for this horn, but the analysis indicates that it is a direct method brass, it is high in zinc, with a small amount 
iron and lead. The brass throughout is probably the same sheet metal and most likely end of 18th centurybeginning 19th century. The brass fittings 
to the case however are cementation brass. The high Fe content in one of the results maybe due to the dressing applied to the leather. The 
mouthpiece appears to be recycled brass with bronze mixed with it. Similarly the stud on the box.
on No. Section Date KV Number Location
1 Backbow 31-Dec-99 0 AM 332 TOL 71 % Copper/ 28% Zinc
2 Bell 06-Aug-02 40 HM223a RLAHA 68 % Copper / 31 % Zinc
3 Garland 06-Aug-02 40 HM223b RLAHA 67% Copper / 32% Zinc
4 Backbow (2) 06-Aug-02 40 HM223c RLAHA 69 % Copper / 31 % Zinc
5 Mouthpiece receiver 06-Aug-02 40 HM223d RLAHA 70% Copper / 29% Zinc
6 Tube, 3 06-Aug-02 40 HM223e RLAHA 68 % Copper / 31 % Zinc
7 Mouthpiece 06-Aug-02 40 HM223f RLAHA 62% Copper/ 34% Zinc
8 Stud on Box 06-Aug-02 40 HM223g RLAHA 72% Copper/ 22% Zinc
9 Key plate to Box 06-Aug-02 40 HM223h RLAHA 75 % Copper / 20 % Zinc
Summary
Pb / 2 % Sn + some Co, Fe - probably re-cycled metal 
Pb /1.54 % Sn + some Co, Fe
APPENDIX 
F: THE 
MUSICAL 
INSTRUMENTS 
WITH 
THEIR 
FULL ANALYSES
Instrument Number 14.5.47/254
Instrument Name 
Maker's Name 
Section No.
Anonymous
1 Backbow
2 Bell
3 Garland
4 Backbow (2)
5 Mouthpiece receiver
6 Tube, 3
7 Mouthpiece
8 Stud on Box
9 Key plate to Box
HAT HORN
Period
Weight perce nt-
-r*.o>
Ag As
1 0.00 0.11
2 0.00 0.00
3 0.00 0.00
4 tr 0.00
5 0.00 0.00
6 0.00 0.00
7 0.00 tr
8 tr 0.00
9 0.00 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
71.35 0.00 0.00
67.80 0.03 0.25
66.86 tr 0.19
68.59 0.00 0.15
70.03 0.03 0.14
68.16 0.00 tr
61.95 0.03 0.36
71.68 0.08 1.86
74.79 0.03 0.67
Instrument I.D. 17
1700- 1800 ChronoDate 1780
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.66 0.00 0.00 0.00 0.00 0.00 27.85 99.97
0.00 0.00 0.00 0.92 0.00 0.00 0.00 tr 0.00 31.00 100.00
0.00 0.00 0.00 0.65 0.00 0.00 0.00 0.00 0.00 32.29 99.99
0.00 0.00 tr 0.63 0.00 0.00 0.00 tr 0.00 30.63 100.00
0.00 0.00 0.31 0.52 0.00 0.00 0.00 0.00 0.00 28.96 99.99
0.00 0.00 tr 0.36 0.00 0.00 0.00 0.00 0.00 31.46 99.98
0.00 0.00 tr 1.80 0.00 0.00 0.00 1.78 0.00 34.07 99.99
0.00 0.00 0.00 2.90 0.00 0.00 0.00 1.54 0.00 21.94 100.00
0.00 0.00 0.00 3.45 0.00 tr 0.00 0.51 0.00 20.55 100.00
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Keyplate 6 
HM119C
Bell
HM119a
/
Mouthpiece
receiver
HM119e
Mouthpiece
HM119f
Ag end 
HM119<
Garland
HM119b
Tube
HM119d
General view to left with points of analysis General view to right with points of analysis
^ _ . . Inscription C & F PACEDetail metalsmiths join
FIGURE F.31 6-KEYED BUGLE BY CHARLES AND FREDERICK PACE. HORNIMAN MUSEUM (1970.274)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
1970.274 Instrument I.D.
BUGLE, 6-KEYED
Horniman Museum, London 
Charles & Frederick Pace Period 1819-1827
C & F PACE/ 2 CROWN ST/ WESTMINSTER/ MAKERS
Ex- Peterborough Museum Collection. Acquired by the Horniman Museum in 1970 (Horniman registers).
95
Chrono Date 1823
Repairs Solder repair between garland and bell.
Comments Copper bell and body. Garland, mouthpiece receiver: direct method brass. Keyplate and mouthpiece: cementation brass. Silver rim to mouthpiece. Key
plates do not show ’arrow1 decoration of later Pace instruments, but inscription is on key plate 6, so all are probably original.
Section No. Section Date KV Number Location Summary
1 Bell 23-Apr-01 40 HM119a RLAHA 99% Copper + some As, Ni
2 Garland 23-Apr-01 40 HM119b RLAHA 62% Copper / 35 % Zinc / 2.5 % Lead + some Fe
3 Key plate, 6 23-Apr-01 40 HM119C RLAHA 71% Copper / 27% Zinc / <2 % Lead + some Co, Fe, Ni
4 Tube 23-Apr-01 40 HM119d RLAHA 100 % Copper + some As, Ni
5 Mouthpiece receiver 23-Apr-01 40 HM119e RLAHA 62% Copper / 35 % Zinc / <3 % Lead + some Co, Fe
6 Mouthpiece, body 23-Apr-01 40 HM119f RLAHA 76% Copper / 19 % Zinc / 3 % Lead + some Ag, Fe, Ni, Sn
7 Mouthpiece, white metal 23-Apr-01 40 HM119g RLAHA 95 % Silver 7 5% Copper + some Pb
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Instrument Number 1970.274
Instrument Name 
Maker's Name 
Section No.
BUGLE, 6-KEYED
Charles & Frederick Pace Period
1 Bell
2 Garland
3 Key plate, 6
4  Tube
5 Mouthpiece receiver
6 Mouthpiece, body
7 Mouthpiece, white metal
Weight percent - Ag As Au Bi Cd Cu Co Fe
1 tr 0.48 0.00 0.00 0.00 99.36 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 62.46 0.00 0.14
3 tr 0.00 0.00 0.00 0.00 70.78 0.03 0.16
4 tr 0.55 0.00 0.00 0.00 99.24 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 62.25 0.03 0.14
6 0.25 0.00 0.00 0.00 0.00 76.25 0.00 0.45
7 94.73 0.00 0.00 0.00 0.00 4.95 0.00 0.00
Instrument I.D. 95
1819-1827 ChronoDate 1823
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 99.99
0.00 0.00 0.00 2.47 0.00 0.00 0.00 0.00 0.00 34.93 100.00
0.00 0.00 0.05 1.89 0.00 0.00 0.00 tr 0.00 27.09 100.00
0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 99.99
0.00 0.00 0.07 2.89 0.00 0.00 0.00 0.00 0.00 34.62 100.00
0.00 0.00 0.06 3.23 0.00 0.00 0.00 1.06 0.00 18.76 100.06
0.00 0.00 0.00 0.31 0.00 tr 0.00 0.00 0.00 0.00 99.99
APPENDIX 
F: THE 
MUSICAL 
INSTRUMENTS 
WITH 
THEIR 
FULL 
ANALYSES
465
Garland
JHM116b Keyplate 4 
HM116c
Mouthpiece
receiver
HM116e
Bell'
HM116a
Tube - — 
HM116d
General view to left with points of analysis General view to right with point of analysis
* 0 ^ T /S,
Detail keys Detail Inscription F. Pace
FIGURE F.32 6-KEYED BUGLE BY FREDERICK PACE. HORNIMAN MUSEUM (15.10.48/209)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
15.10.48/209 Instrument I.D.
BUGLE, 6-KEYED
Horniman Museum, London 
Frederick Pace Period 1828-1831
ROYAL KENT BUGLE/ Made by/ F Pace/ 26 Bath Street/ BRISTOL
96
Chrono Date 1829
Part of Percy A. Bull Collection, acquired by the Horniman Museum in 1948. Initials RC inscribed on keyplate 6, but nothing is known about this 
individual.
Repairs Lacks mouthpiece, crook and one key. Dent in middle pipe near front bow.Two pads missing and springs weak.
Comments Copper body, garland, mouthpiece receiver: direct method brass. Key plate 4 : cementation brass.
-CvO)
CD
on No. Section Date KV Number Location Summary
1 Bell 23-Apr-01 40 HM116a RLAHA 99% Copper + some As, Ni
2 Garland 23-Apr-01 40 HM116b RLAHA 64 % Copper / 35 % Zinc /1 % Lead + some Fe, Ni
3 Key plate, 4 23-Apr-01 40 HM116C RLAHA 79% Copper / 17 % Zinc / 2.5 % Lead + some Fe, Ni
4 Tube 23-Apr-01 40 HM116d RLAHA 99 % Copper /1.4 % Lead + some As, Ni
S Mouthpiece receiver 23-Apr-01 40 HM116e RLAHA 66% Copper / 31% Zinc / 3 % Lead + some Co, Fe, Ni
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Instrument Number 15.10.48/209
Instrument Name 
Maker's Name 
Section No.
BUGLE, 6-KEYED
Frederick Pace Period
1 Bell
2 Garland
3 Key plate, 4
4  Tube
5 Mouthpiece receiver
Weight percent - Ag As
1 tr 0.49
2 tr 0.00
3 tr 0.00
4 tr 0.33
5 tr 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
99.32 0.00 0.00
63.71 0.00 0.14
79.30 0.00 0.43
98.10 0.00 0.00
65.56 0.02 0.14
Instrument I.D. 96
1828-1831 ChronoDate 1829
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 99.99
0.00 0.00 0.06 1.00 0.00 0.00 0.00 tr 0.00 35.08 99.99
0.00 0.00 0.05 2.53 0.00 0.00 0.00 0.80 0.00 16.89 100.00
0.00 0.00 0.14 1.42 0.00 0.00 0.00 0.00 0.00 0.00 99.99
0.00 0.00 0.14 3.24 0.00 0.00 0.00 0.00 0.00 30.90 100.00
APPENDIX 
F: THE 
MUSICAL 
INSTRUMENTS 
WITH 
THEIR 
FULL 
ANALYSES
468
Keyplate 6 
HM144c
General view to left with point of analysis
HM144gHM144ereceiver
HM144d
Bell
H M 1 4 4 a
Tuning key 
HM144f
Mouthpiece Tube Brazing
General view to right with points of analysis
Detail keys Detail inscription FREDK PACE
FIGURE F.33 6-KEYED BUGLE BY FREDERICK PACE. BOOSEY & HAWKES COLLECTION (BH543)
APPENDIX 
F: THE 
MUSICAL 
INSTRUMENTS 
WITH 
THEIR 
FULL 
ANALYSES
Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription
History
BH543 Instrument I.D. 99
Frederick Pace
BUGLE, 6-KEYED
Boosey & Hawkes 
Period 1832-1834? Chrono Date 1833
MADE BY/ FREDK PACE/ 21 CROWN ST/ KING ST/ WESTMINSTER
The inscription shows two Street addresses and suggests that this instrument was made while Frederick Pace (1) was in transit from Crown St to No.15 
King St. 6-keyed bugles were also quickly overtaken by 7 & 8-keyed bugles which suggests an early date. It could be attributed to Frederick Pace (
1). Currently part of museum collection of Boosey & Hawkes. The key plates do not bear the Pace 'arrow1 design which also suggests an early date.
Repairs None obvious.
Comments Garland, mouthpiece receiver, tuning key: direct method brass. Keyplate 6: cementation brass. Bell and tube: copper. Brazing: brass
Section No. Section Date KV Number Location Summary
1 Bell 19-Jun-01 40 HM144a RLAHA 100 % Copper
2 Garland 19-Jun-01 40 HM144b RLAHA 68 % Copper / 31 % Zinc + some Fe, Pb
3 Key plate, 6 19-Jun-01 40 HM144C RLAHA 73 % Copper / 25 % Zinc / <1 % Lead + some As, Fe, Sn
4 Mouthpiece receiver 19-Jun-01 40 HM144d RLAHA 66 % Copper / 33 % Zinc /1 % Lead + some Co, Fe.
5 Tube, nr Mouthpiece receiv 19-Jun-01 40 HM144e RLAHA 100% Copper
6 Tuning key, shank 19-Jun-01 40 HM144f RLAHA 64 % Copper / 34 % Zinc /1.8 % Lead + some Fe
7 Brazing, to bell 19-Jun-01 40 HM144g RLAHA 67% Copper/ 31 % Zinc / <1% Lead + some Fe, Sn
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Instrument Number BH543
Instrument Name 
Maker's Name 
Section No.
BUGLE, 6-KEYED
Frederick Pace Period
1 Bell
2 Garland
3 Key plate, 6
4  Mouthpiece receiver
5 Tube, nr Mouthpiece receiver
6 Tuning key, shank
7 Brazing, to bell
Weight perce nt- Ag As
1 tr 0.00
2 0.00 0.00
3 tr 0.25
4 0.00 0.00
5 0.16 0.00
6 tr 0.00
7 tr tr
Au Bi Cd
0.00 0.00 0.00
0.00 . 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
99.99 0.00 0.00
68.15 0.00 0.13
73.18 0.00 0.28
65.84 0.04 0.13
99.83 0.00 0.00
64.26 tr 0.12
67.44 0.00 0.21
Instrument I.D. 99
1832-1834? ChronoDate 1833
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 99.99
0.00 0.00 tr 0.63 0.00 0.00 0.00 0.00 0.00 31.08 99.99
0.00 0.00 0.00 0.93 0.00 tr 0.00 0.55 0.00 24.80 99.99
0.00 0.00 0.00 1.15 0.00 0.00 0.00 0.00 0.00 32.83 99.99
0.00 0.00 tr 0.00 0.00 0.00 0.00 tr 0.00 0.00 99.99
0.00 0.00 tr 1.79 0.00 0.00 0.00 0.00 0.00 33.80 99.97
0.00 0.00 0.00 0.98 0.00 0.00 0.00 0.34 0.00 30.63 99.60
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HM194e
Garland
Bell
HM194a
Chimney 
keyplate 5 
HM194g
HM194c
Keyplate 6
Keyplate 5 
HM194h
Saddle 
keyplate 5 
HM194f
Mouthpiece
receiver
HM194d
Mouthpiece
HM194i Garland (1) 
HM194b
Detail keys with crown stamp Detail inscription FREDK PACE
FIGURE F.34 7-KEYED BUGLE BY FREDERICK PACE. CENTRAL MUSEUM & ART GALLERY NORTHAMPTON (X.1816)
rown stamp
General view to left with points of analysis General view to right with points of analysis
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
Repairs
Comments
X.1816 Instrument I.D.
BUGLE, 7-KEYED
Central Museums & Art Gallery Northampton 
Frederick Pace Period 1831-1851
MADE BY/ FREDK PACE/15. KING ST/WESTMINSTER/ LONDON
97
Chrono Date 1834
There is no acqusition information with this instrument. Each Key is stamped with a small crown, so the bugle most probably belonged to one of the 
military units associated with Northampton. 6-keyed bugles were very quickly superseded by 7 and 8 keyed versions, possible Frederick Pace (1) 
instrument as it could easily pre-date his death in 1835.-
The instrument has been cleaned with a cleaning preparation in the past, which was not removed adequately at the time. Consequently there are white 
dried cleaning deposits all over the instrument. The Curator Judith Hodgkinson had been at the museum for many years and it had not been cleaned in 
her time.
Bell: Copper. Garland, mouthpiece receiver: direct method brass. Keyplate 6, key 5 saddle, key 5 chimney, keyplate 5, mouthpiece: cementation brass. 
The dried cleaning powder is a possible source of contamination and could account for the high Fe count inmany of the analyses. The garland was 
examined in 2 areas,one cleaner than the other, and the Fe count did diminish considerably.
Section No. Section Date KV Number Location Summary
1 Bell 29-Jan-02 40 HM194a RLAHA 99 % Copper + some As, Bi
2 Garland 29-Jan-02 40 HM194b RLAHA 64 % Copper / 34 % Zinc /1.4 % Lead + some Co, Fe.
3 Garland (2) 29-Jan-02 40 HM194C RLAHA 68 % Copper / 31 % Zinc / >1 % Lead + some Co, Fe.
4 Mouthpiece receiver 29-Jan-02 40 HM194d RLAHA 66% Copper / 33 % Zinc / <1 % Lead + some Fe.
5 Key plate, 6 29-Jan-02 40 HM194e RLAHA 73 % Copper / 26 % Zinc + some Fe, Sn.
6 Key 5, saddle 29-Jan-02 40 HM194f RLAHA 72 % Copper / 25 % Zinc + some Ag, Co, Fe, Sn.
7 Key 5, chimney 29-Jan-02 40 HM194g RLAHA 81 % Copper / 18 % Zinc + some As, Fe, Pb.
8 Key plate, 5 29-Jan-02 40 HM194h RLAHA 72 % Copper / 26 % Zinc + some Ag, As, Fe, Pb, Sn
9 Mouthpiece, body 29-Jan-02 40 HM194i RLAHA 79 % Copper / 19% Zinc + some Co, Fe, Sn.
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Instrument Number X.1816
Instrument Name BUGLE, 7-KEYED
Maker's Name Frederick Pace Period
Section No.
Weight percent
1 Bell
2 Garland
3 Garland (2)
4  Mouthpiece receiver
5 Key plate, 6
6 Key 5, saddle
7 Key 5, chimney
8 Key plate, 5
9 Mouthpiece, body
Ag As Au
1 0.00 0.40 0.00
2 tr 0.00 0.00
3 tr 0.00 0.00
4 tr 0.00 0.00
5 tr 0.00 0.00
6 0.16 0.00 0.00
7 tr 0.30 0.00
8 0.14 0.20 0.00
9 tr tr 0.00
Bi Cd Cu Co
0.20 0.00 99.58 tr
0.00 0.00 63.89 0.03
0.00 0.00 67.89 0.02
0.00 0.00 65.78 tr
0.00 0.00 73.24 tr
0.00 0.00 72.49 0.03
0.00 0.00 81.46 tr
0.00 0.00 72.02 tr
0.00 0.00 79.20 0.02
Fe
0.00
0.98
0.15
0.09
0.41
1.01
0.22
0.42
0.46
Instrument I.D. 97
1831-1851 ChronoDate 1834
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.18
0.00 0.00 0.00 1.45 0.00 0.00 0.00 0.00 0.00 33.65 100.00
0.00 0.00 0.00 1.23 0.00 0.00 0.00 0.00 0.00 30.72 100.01
0.00 0.00 0.00 0.94 0.00 0.00 0.00 0.00 0.00 33.17 99.98
0.00 0.00 0.00 tr 0.00 0.00 0.00 0.88 0.00 25.46 99.99
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.01 0.00 25.31 100.01
0.00 0.00 0.00 0.76 0.00 0.00 0.00 tr 0.00 17.54 100.28
0.00 0.00 0.00 0.79 0.00 0.00 0.00 0.92 0.00 25.51 100.00
0.00 0.00 0.00 0.58 0.00 0.00 0.00 0.55 0.00 18.89 99.70
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Ferrule
HM147f
'Teardrop'
tube
HM147d
Valve 2 
tube 
147c
keyplate
HM147h
HM147a
HM147g
iarland
Mouthpiece
receiver
HM147b
General view to right with points of analysisGeneral view to left with points of analysis
Inscription Fre-
FIGURE F.35 3-VALVE CORNOPEAN BY FREDERICK PACE. JOHN WEBB COLLECTION ( JW4)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
Repairs
JW4 Instrument I.D.
CORNOPEAN, 3-VALVE, STOLZEL
John Webb
Frederick Pace Period 1831-1849
Made by/ Frederick Pace/15 King Street/Whitehall
102
Chrono Date 1832
Cornopeans (Cornets) arrive in England c.1834. However the positioning of the non-interchangeable valve loops suggests an earlier date (John Webb 
personal communication 27 March 2003). Probably not made by Frederick Pace (1) although the comment on thevalve loops coupled with use of paktong 
does make it a possibility for the end of Frederick (1) period. Chrono date set at 1832.
Repair to clapper key. Valve 2 cover is a replacement, possibly recyled battery cover as it is marked EverReady Pat. No. 16609/14.
Comments Bell, teardrop: direct method brass. Garland, clapper keyplate: late paktong. Valve 3 cap, classic Iate18th century paktong. Valve 2: cementation 
brass. Ferrule to teardrop, mouthpiece receiver paktong-high Ni & low Zn typical 1820's and later.Metalsmiths ’nips' = very close together
Section No. Section Date KV Number Location Summary
1 Bell 09-Jul-01 40 HM147a RLAHA 65 % Copper / 35 % Zinc + some As, Fe, Ni
2 Garland 09-Jul-01 40 HM147b RLAHA 61 % Copper / 11 % Nickel / 28 % Zinc + some As, Co, Fe
3 Valve 2, tube 09-JUI-01 40 HM147C RLAHA 74 % Copper / 25 % Zinc + some Fe, Pb
4 Tuning slide' teardrop' 09-Jul-OI 40 HM147d RLAHA 67 % Copper / 33 % Zinc + some Co, Fe.
5 Valve 3, cap 09-Jul-01 40 HM147e RLAHA 48 % Copper /12 % Nickel / 38 % Zinc / 1.1 % Fe + some Ag, As, Pb
6 Ferrule to teardrop' 09-Jul-01 40 HM147f RLAHA 64% Copper /18% Nickel /18 % Zinc / .50 % Fe + some Co, Pb
7 Mouthpiece receiver, tube 09-Jul-01 40 HM147g RLAHA 63 % Copper / 20% Nickel /16 % Zinc + some Co, Fe, Pb
8 Clapper key plate 09-Jul-01 40 HM147h RLAHA 56 % Copper /15 % Nickel / 27 % Zinc + some Ag, As, Co, Fe
APPENDIX 
F: THE 
M
USICAL 
INSTRUM
ENTS 
W
ITH 
THEIR 
FULL 
A
N
A
LYSES
Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
5
6
7
8
Weight percent -
3
4
5
6
7
8
JW 4 Instrument I.D. 102
CORNOPEAN, 3-VALVE, ST&LZEL
Frederick Pace Period 1831-1849 Chrono Date 1832
Bell
Garland
Valve 2, tube
Tuning slide' teardrop'
Valve 3, cap
Ferrule to ’teardrop'
Mouthpiece receiver, tube
Clapper key plate
Ag As Au Bi Cd Cu Co Fo Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.25 0.00 0.00 0.00 65.15 0.00 0.13 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 34.43 100.00
tr 0.49 0.00 0.00 0.00 60.67 0.22 0.51 0.00 0.00 11.02 0.00 0.00 0.00 0.00 tr 0.00 27.08 99.99
0.00 0.00 0.00 0.00 0.00 74.07 tr 0.05 0.00 0.00 0.00 0.53 0.00 0.00 0.00 0.00 0.00 25.37 100.02
0.00 0.00 0.00 0.00 0.00 66.86 0.02 0.19 0.00 0.00 tr 0.17 0.00 0.00 0.00 0.00 0.00 32.75 99.99
0.19 0.43 0.00 0.00 0.00 48.29 0.21 1.10 0.00 0.00 11.60 0.24 0.00 0.00 0.00 tr 0.00 37.93 99.99
0.00 0.00 0.00 0.00 0.00 64.02 0.12 0.50 0.00 0.00 17.50 0.17 0.00 0.00 0.00 0.00 0.00 17.68 99.99
0.00 0.00 0.00 0.00 0.00 63.41 0.12 0.53 0.00 0.00 19.67 0.21 0.00 0.00 0.00 0.00 0.00 15.89 99.83
0.19 0.51 0.00 0.00 0.00 56.52 0.23 0.83 0.00 0.00 14.49 0.00 0.00 0.00 0.00 0.35 0.00 26.88 100.00
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HM218dValve 2 
HM218b
ValveValve 2 Valve 2
Finger button
sleeve collar 
HM218f HM218g
Tube
HM2"|8k
slide
HM218i
Ferrule
HM218j
HM218e
Garland
HM218bBell
HM218a
Mouthpiece
HM218L
Ferrule 3 
HM218C
General view to left with points of analysis General view to right with points of analysis
Detail valves and ball Detail inscription Fred Pace 
FIGURE F.36 TRUMPET BY FREDERICK PACE. DERBY MUSEUM (1973-898)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription
History
1973.898
TRUMPET, 2-VALVE
Derby Museum & Art Gallery 
Frederick Pace Period
Made by/ Fred Pace/15 King St Whitehall/ London
Instrument I.D. 111
1831-1851 Chrono Date 1835
Purchased by Derby Museum on 4 October 1973, from C. Marshall of 24 Burlington Rd, Carlton, Nottingham. In its original wood box, lined with red 
velvet, accompanied by 4 crooks, and a leather covered wood mute.
Repairs None obvious
Comments Bell and body of copper. Garland probably paktong as Fe content is high. Ferrule, 3 could be late Paktong as Fe content slightly too high for 
European German silver. Ball, valve 2 screw case, valve 2 collar, and mouthpiece all good Chinese paktong withhigh Fe. Valve 2 case probably early 
German silver as Fe low for paktong. Finger button, valve 2 paktong consistent with 1830's date. Ferrule, lower handgrip 2: probably late paktong. 
Valve 1 slide, and tube between handgrips direct method brass.
Section No. Section Date KV Number Location Summary
1 Bell 28-Jun-02 40 HM218a RLAHA 100% Copper + some Fe
2 Garland 28-Jun-02 40 HM218b RLAHA 60 % Copper / 20 % Nickel / 20 % Zinc / <1 % Fe + some Co
3 Ferrule, 3 28-Jun-02 40 HM218c RLAHA 60 % Copper / 23% Nickel /15 % Zinc + some Co, Fe
4 Ball 28-Jun-02 40 HM218d RLAHA 57 % Copper / 16 % Nickel / 21 % Zinc /1.39 % Iron + some Sb, As, Bi
5 Valve, 2, case 28-Jun-02 40 HM218e RLAHA 60 % Copper / 18 % Nickel / 21% Zinc + some Co and low Fe.
6 Valve, 2, sleeve screw 28-Jun-02 40 HM218f RLAHA 55 % Copper / 16 % Nickel / 25 % Zinc /1 % Fe + some Ag, As, Bi, Co, Sn.
7 Valve, 2, collar 28-Jun-02 40 HM218g RLAHA 51 % Copper / 14 % Nickel / 30 % Zinc / 2.11 % Iron + some As,Co,Sn
8 Valve, 2, finger button 28-Jun-02 40 HM219h RLAHA 55 % Copper /16 % Nickel / 27 % Zinc / 0.41% Iron + some As, Bi, Co,
9 Valve, 1, slide 28-Jun-02 40 HM218i RLAHA 71 % Copper / 29 % Zinc + some Fe, Pb
10 Ferrule, lower, handgrip 2 28-Jun-02 40 HM218j RLAHA 62 % Copper / 23 % Nickel /14 % Zinc / 0.78% Iron + some As, Bi.
11 Tube, lower, between hand 28-Jun-02 40 HM218k RLAHA 67 % Copper / 32 % Zinc + some Pb.
12 Mouthpiece 28-Jun-02 40 HM218I RLAHA 57 % Copper /16 % Nickel / 26 % Zinc / 0.77% Iron + some As, Bi, Co.
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Instrument Number 1973.898
Instrument Name 
Maker's Name 
Section No.
Weight percent -
TRUMPET, 2-VALVE
Frederick Pace Period
1 Bell
2 Garland
3 Ferrule, 3
4  Ball
5 Valve, 2, case
6 Valve, 2, sleeve screw
7 Valve, 2, collar
8 Valve, 2, finger button
9 Valve, 1, slide
10 Ferrule, lower, handgrip 2
Ag As
1 tr 0.23
2 tr tr
3 0.00 0.00
4 0.35 1.50
5 0.00 0.00
6 0.36 1.00
7 tr 1.00
8 0.00 1.00
9 tr 0.00
10 0.00 0.20
11 0.00 tr
12 0.00 0.80
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.30 0.00
0.00 0.00 0.00
0.00 0.30 0.00
0.00 nd 0.00
0.00 0.50 0.00
0.00 0.00 0.00
0.00 0.20 0.00
0.00 0.00 0.00
0.00 0.60 0.00
Cu Co Fo
99.62 0.00 0.14
59.41 0.22 0.89
60.30 0.42 0.33
57.04 0.25 1.39
59.92 0.21 0.20
55.21 0.27 1.03
50.47 0.21 2.11
55.36 0.23 0.41
70.69 0.00 0.11
61.59 0.34 0.78
67.24 tr tr
57.23 0.20 0.77
Instrument I.D. 111
1831-1851 Chrono Date 1835
11 Tube, lower, between handgrips 1 and 2
12 Mouthpiece
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.00 0.00 0.00 0.00 tr 0.00 tr 99.99
0.00 0.00 19.63 0.00 0.00 0.00 0.00 0.00 0.00 19.84 99.99
0.00 0.00 23.14 0.48 0.00 0.00 0.00 0.00 0.00 15.32 99.99
0.00 0.00 16.06 0.60 0.00 0.00 0.00 tr 0.00 21.34 99.23
0.00 0.00 18.49 0.00 0.00 0.00 0.00 0.00 0.00 21.19 100.01
0.00 0.00 16.13 0.40 0.00 0.00 0.00 0.43 0.00 25.38 100.51
0.00 0.00 14.40 1.00 0.00 0.00 0.00 0.61 0.00 29.40 99.20
0.00 0.00 16.19 0.20 0.00 0.00 0.00 tr 0.00 27.25 101.14
0.00 0.00 0.00 0.22 0.00 0.00 0.00 0.00 0.00 28.98 100.00
0.00 0.00 23.41 0.20 0.00 0.00 0.00 0.00 0.00 13.87 100.59
0.00 0.00 0.00 0.60 0.00 0.00 0.00 0.00 0.00 31.75 99.59
0.00 0.00 15.62 0.40 0.00 0.00 0.00 tr 0.00 26.17 101.79
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Bell
HM220aBall
HM220c
Ferrule^
HM220d
Garland
HM220b
General view to left with points of analysis ~ . . . . . . ... . . ,
r  3 General view to right with points of analysis
Detail clock spring slide and ball Detail inscription FREDK PACE
FIGURE F.37 SLIDE TRUMPET BY FREDERICK PACE. BRIGHTON MUSEUM (100439)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
100439 Instrument I.D. 108
TRUMPET, SLIDE, SPRING
Brighton, Royal Pavilion, Art Gallery & Museums 
Frederick Pace Period 1831-1850 Chrono Date 1837
MADE BY/ FREDK PACE/15 KING ST/ WESTMINSTER
Associated with the Spencer Collection, purchased by Brighton Museum in 1960. Said to have been bought by them through Howlett of Norwich
Repairs None obvious
Comments Bell, garland, and Ferrule 2 all direct method brass. Ball is cementation brass
00
Section No. Section Date KV Number Location
1 Bell 28-Jun-02 40 HM220a RLAHA 66% Copper
2 Garland 28-Jun-02 40 HM220bi RLAHA 64 % Copper
3 Ball 28-Jun-02 40 HM220C RLAHA 76 % Copper
4 Ferrule, 2 28-Jun-02 40 HM220d RLAHA 67 % Copper
Summary
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Instrument Number 100439
Instrument Name 
Maker's Name 
Section No.
Bell
Garland
Ball
Ferrule, 2
TRUMPET, SLIDE, SPRING
Frederick Pace Period
Weight percent - Ag As
1 0.00 tr
2 0.00 0.00
3 0.25 0.30
4 0.00 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
65.85 0.01 0.20
63.93 0.02 0.13
75.58 0.02 0.84
66.59 tr 0.14
Instrument I.D. 108
1831-1850 Chrono Date 1837
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 33.94 100.10
0.00 0.00 0.00 0.53 0.00 0.00 0.00 0.00 0.00 35.37 99.98
0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.50 0.00 21.88 100.37
0.00 0.00 tr 0.10 0.00 0.00 0.00 0.00 0.00 33.27 100.10
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F 125053B
F125054B
Garland
Valve 2
Ferrule
Teardrop
slide
General view to left with points of analysis
F125056B
F125058B
General view to right with points of analysis Detail inscription Frederick Pace
FIGURE F.38 CORNOPEAN BY FREDERICK PACE. GLASGOW ART GALLERY AND MUSEUMS (A.1942.68k
Tube 1
Mouthpiece Detail valves
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
A.1942.68K
CORNOPEAN, 3-VALVE
Glasgow Art Gallery and Museums 
Frederick Pace Period
Made by/ Frederick Pace/15 King St Whitehall/ London
Instrument I.D. 98
1831-1850 Chrono Date 1838
The Cornopean or Cornet, was first conceived in Paris in c.1828. It was first introduced to the English public c. 1834. In consideration of the style 
of the cornopean with the teardrop'tuning slide it is highly likely that this is post the death of Frederick Pace (1) in 1835.
Repairs In very good condition - probably has been cleaned and restored at some time, but Museum has no records of this.
Comments Bell, teardrop, mouthpiece receiver: direct method brass. Garland, valve 2, ferrule: silver plated .
Section No. Section Date KV Number Location Summary
1 Bell 16-Jan-02 50 F125052B NMS 64% Copper / 35 % Zinc / <1 % Lead + some Fe
2 Valve 2, case 16-Jan-02 50 F125053B NMS 94% Silver / 6 % Copper + some Fe
3 Ferrule to valve 2 slide 16-Jan-02 50 F125054B NMS 94% Silver / 5 % Copper + some Fe, Zn
4 Tuning slide, teardrop' 16-Jan-02 50 F125055B NMS 65% Copper / 35 % Zinc + some As, Fe
5 Tube, 1 16-Jan-02 50 F125056B NMS 65% Copper/ 34% Zinc + some As
6 Mouthpiece, yellow metal 16-Jan-02 50 F125058B NMS 73 % Copper / 24 % Zinc / 2.5 % Lead, + some Ag,
7 Garland 16-Jan-02 50 F125062B NMS 92 % Silver / 7 % Copper + some Ag, Fe
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Instrument Number A.1942.68K
Instrument Name 
Maker's Name 
Section No.
CORNOPEAN, 3-VALVE
Frederick Pace Period
1 Bell
2 Valve 2, case
3 Ferrule to valve 2 slide
4  Tuning slide, teardrop’
5 Tube, 1
6 Mouthpiece, yellow metal
7 Garland
Weight percent - Ag As
1 tr 0.00
2 93.57 0.00
3 93.81 0.00
4 tr 0.22
5 tr 0.37
6 0.14 0.00
7 92.49 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
63.93 0.00 0.11
5.38 0.00 0.21
5.41 0.00 tr
64.58 0.00 0.09
64.87 0.00 tr
72.65 0.00 0.35
6.69 0.00 0.10
Instrument I.D. 98
1831-1850 Chrono Date 1838
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 tr 0.79 0.00 0.00 0.00 tr 0.00 35.10 99.93
0.00 0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 tr 99.16
0.00 0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 0.26 99.48
0.00 0.00 tr 0.74 0.00 0.00 0.00 tr 0.00 34.30 99.93
0.00 0.00 tr 0.64 0.00 tr 0.00 tr 0.00 33.96 99.84
0.00 0.00 tr 2.48 0.00 tr 0.00 0.78 0.00 23.54 99.94
0.00 0.00 0.00 0.17 0.00 0.00 0.00 0.00 0.00 0.12 99.57
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8
HM150C
HM150d
Gart'Sftdr' 
HM150b
HM150a
Tuning key 
adjustable ratchet
General view to left with point of analysis General view to right with points of analysis
Detail of keys showing ‘arrow’ design
Inscription Fredk Pace
,fsA
FIGURE F.39 8-KEYED BUGLE BY FREDERICK PACE. JOHN WEBB COLLECTION (JW1)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
JW1 Instrument I.D.
BUGLE, 8-KEYED
John Webb
Frederick Pace Period 1831-1850
Made by/ Fredk Pace/ No.15 King St Westminster/ London 
Acquired by John Webb.
101
Chrono Date 1839
Repairs None obvious.
00
-v l
Comments Bell: Copper. Garland, key to ratchet: direct method brass. Keyplate 8: cementation brass possibly mixed with some recycled bronze as a small 
percentage of tin present. Typical Pace 'arrow1 to keyplates. Adjustable 'ratchet' type mouthpiece shank. Metalsmiths tabs' = 29mm.
Section No. Section Date KV Number Location Summary
1 Bell 09-Jul-01 40 HM150a RLAHA 100% Copper
2 Garland 09-Jul-01 40 HM150b RLAHA 65 % Copper / 35 % Zinc + some Fe, Pb
3 Key plate, 8 09-Jul-01 40 HM150C RLAHA 75 % Copper / 21 % Zinc /1.5 % Lead + some Fe, Sn.
4 Mouthpiece receiver - adjus 09-Jul-01 40 HM150d RLAHA 70 % Copper / 30 % Zinc + some Fe
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Instrument Number JW1
Instrument Name 
Maker's Name 
Section No.
BUGLE, 8-KEYED
Frederick Pace Period
1 Bel!
2 Garland
3 Key plate, 8
4 Mouthpiece receiver - adjustable ratchet
Weight percent - Ag As
1 0.00 tr
2 0.00 0.00
3 tr 0.00
4 0.00 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fo
99.71 0.00 tr
64.72 tr 0.12
74.95 0.00 0.45
69.94 0.00 0.07
Instrument I.D. 101
1831-1850 Chrono Date 1839
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 99.71
0.00 0.00 tr 0.12 0.00 0.00 0.00 0.00 0.00 35.03 99.99
0.00 0.00 0.00 1.57 0.00 0.00 0.00 1.57 0.00 21.45 99.99
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 30.05 100.06
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Tube
HM127c
Patch to 
bell tube 
HM127d
Solder
HM127e
Detail patch repair with points of analysis
Bell
HM127a t>v.
f e ?  Hlfrrr
Garland
HM127b
General view to right with points of analysis General view to left Detail inscription FREDK PACE showing double stamping
FIGURE F.40 CLAVICOR BY FREDERICK PACE, FRANK TOMES COLLECTION (122CB)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription
History
122 CB Instrument I.D.
CLAVICOR
Frank Tomes
Frederick Pace Period 1831-1850
: MADE BY/ FREDK PACE/15 KING ST/ WESTMINSTER
100
Chrono Date 1840
The clavicor was invented post 1838.This instrument not made by Frederick Pace (1), but in the workshop which continued in his name until 1850. 
Acquired by Frank Tomes c.1990 from Godfrey Kneller, bass trombonist, who bought it at a shop in King's Cross
Repairs At least 3 patches to tubes. They were there when acquired by Frank Tomes. Collar repairs below mouthpiece receiver carried out by Frank Tomes.
CDO
Comments Bell, tube to valve 2: direct method brass. Patch to bell tube very clean direct method brass, modern repair. 3:1 lead/tin solder. Metalsmiths 
tabs' = 2-3mm.
Section No. Section Date KV Number Location Summary
1 Bell 04-Jun-01 40 HM127a RLAHA 66 % Copper / 34% Zinc + some Pb
2 Garland 04-Jun-01 40 HM127b RLAHA 67 % Copper / 32 % Zinc + some Co, Pb
3 Tube to Valve 2 04-Jun-01 40 HM127c RLAHA 65 % Copper / 35 % Zinc + some Co, Pb
4 Patch, to bell tube 04-Jun-01 40 HM127d RLAHA 66 % Copper / 34% Zinc + some Fe
5 Solder, to patch to bell tube o t c 3 & 40 HM127e RLAHA 76 % Lead / 25 % Tin
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Instrument Number 122 CB
Instrument Name 
Maker's Name 
Section No.
CLAVICOR
Frederick Pace Period
1 Bell
2 Garland
3 Tube to Valve 2
4 Patch, to bell tube
5 Solder, to patch to bell tube
Weight percent-
to
Ag As
1 0.00 0.00
2 0.00 0.00
3 tr 0.00
4 0.00 0.00
5 0.00 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
66.04 0.00 tr
66.88 0.03 tr
64.76 0.03 tr
65.79 0.00 0.07
0.00 0.00 0.00
Instrument I.D. 100
1831-1850 Chrono Date 1840
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.41 0.00 0.00 0.00 0.00 0.00 33.55 100.00
0.00 0.00 0.08 0.69 0.00 0.00 0.00 0.00 0.00 32.31 99.99
0.00 0.00 tr 0.20 0.00 0.00 0.00 0.00 0.00 35.00 99.99
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 34.13 99.99
0.00 0.00 0.00 75.66 0.00 0.00 0.00 24.34 0.00 0.00 100.00
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Bell
AM605AMouthpiece receiver 
HM 204b\
Tube 11 
HM204aHand grip 
AM605D
General view to right with points of analysis
General view to left
Inscription CHAS PACE NO 2 CROWN STDetail hall-mark on ball
Detail ball and slide
FIGURE F. SLIDE TRUMPET BY CHARLES PACE. HORNIMAN MUSEUM (14.5.47/229)
Instrument Number
Instrument Name
Owner
Maker’s Name 
Maker's Inscription 
History
14.5.47/229 Instrument I.D.
TRUMPET, SLIDE, CLOCK SPRING
Horniman Museum 
Charles Pace Period 1828 - 1834
Made by Chas Pace/ No 2 Crown Street/ Westminster London
Originally part of Adam Carse collection, donated to the Homiman Museum in 1948
47
Chrono Date 1829
Repairs Generally in good condition, lacking crooks. Slide spring sluggish.
co00
Comments The ball is hall marked with head of George IV (1820-1829), which gives the chrono' date of 1829, a lion passant, and the intiials IH, unfortunately 
no date letter has been stamped. IH could be James Hood of Old Street. A mainly copper trumpet with directmethod brass mouthpiece reciver tube, but 
mouthpiece is a leaded cementation brass.
on No. Section Date KV Number Location Summary
1 Bell 31-Dec-99 60 AM605A TOL 99% Copper + some As,Bi,Fe,Sb.
2 Tube, Hand grip, 1 31-Dec-99 60 AM605B TOL 65% Copper/ 34% Zinc + some Ni.Sn
3 Tube, 1 17-Jun-02 40 HM204a RLAHA 99% Copper + some As,Bi
4 Mouthpiece receiver, tube 17-Jun-02 40 HM204b RLAHA 68% Copper / 30 % Zinc / <2% Pb, + some Fe
5 Mouthpiece 17-Jun-02 40 HM204C RLAHA 76% Copper/ 21 % Zinc 12% Lead + some Fe
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
5
14.5.47/229
TRUMPET, SLIDE, CLOCK SPRING
Instrument I.D.
Charles Pace
Bell
Tube, Hand grip, 1 
Tube,1
Mouthpiece receiver, tube 
Mouthpiece
Period 1828- 1834
47
Chrono Date 1829
Weight perce nt-
4*
CO4k
Ag As Au Bi Cd Cu Co Fe Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
1 0.00 1.00 0.00 0.30 0.00 98.60 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 99.96
2 0.00 0.00 0.00 0.00 0.00 65.40 0.00 tr 0.00 0.00 0.06 0.92 0.00 0.00 0.00 0.04 0.00 33.43 99.85
3 0.00 0.50 0.00 0.20 0.00 99.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 tr 100.37
4 tr 0.00 0.00 0.00 0.00 67.62 tr 0.14 0.00 0.00 0.00 1.79 0.00 0.00 0.00 0.00 0.00 30.44 99.99
5 tr tr 0.00 0.00 0.00 75.86 0.02 0.69 0.00 0.00 0.00 2.24 0.00 0.00 0.00 0.60 0.00 20.58 99.99
APPENDIX 
F: THE 
M
USICAL 
INSTRU
M
ENTS 
W
ITH 
THEIR 
FULL 
A
N
A
LYSES
495
HM132<
General view to right with points of analysis
Mouthpiece receiver Garland
H M 1 3 9 h
HM132a
General view to left
Key plate 6 
HM 132d^_
Inscription CHARLES PACE NO.2 CROWN ST WESTMINSTER Front view with point of analysis
FIGURE F.42 7-KEYED BUGLE BY CHARLES PACE. FRANK TOMES COLLECTION (012LAS)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
Repairs
012LAS
BUGLE, 7-KEYED
Frank Tomes 
Charles Pace Period
CHARLES-PACE/ NO 2 CROWN ST/WESTMINSTER
Instrument I.D. 78
1828-1834 Chrono Date 1831
In collection of Frank Tomes. Bought from Bobbie Mickelburgh trumpet and trombone player when he lived in London, early 1960's. The keys do not show 
the 'arrow1 design where the key plate meets the arm. The key plate is made of cementation brass, so the key plates could be an old design before 
the Pace family developed the 'arrow1 design, or are a later replacement, from an old instrument.
Key 4 is a replacement by Frank Tomes, cut out of a sheet of metal.
Comments
CDO)
Mainly copper body, with direct method brass garland and mouthpiece receiver tube. Key plate 6 is made from cementation brass. Distance between 
metal smiths labs’ = 35mm
Summary
100% Copper + some As,Bi
65 % Copper / 35 % Zinc + some Fe, Pb
64 % Copper / 36% Zinc + some Fe
79 % Copper / 20 % Zinc + some As, Fe, Pb, Sn
Section No. Section Date KV Number Location
1 Bell 05-Jun-01 40 HM132a RLAHA
2 Garland 05-Jun-01 40 HM132b RLAHA
3 Mouthpiece receiver 05-Jun-01 40 HM132C RLAHA
4 Key plate, 6 05-Jun-01 40 HM132d RLAHA
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Instrument Number 012LAS
Instrument Name 
Maker’s Name 
Section No.
BUGLE, 7-KEYED
Charles Pace Period
1 Bell
2 Garland
3 Mouthpiece receiver
4  Key plate, 6
Weight percent - Ag As
1 tr 0.29
2 tr 0.00
3 0.00 0.00
4 tr 0.10
Au Bi Cd
0.00 0.10 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
99.70 0.00 0.00
64.94 0.00 0.12
63.93 0.00 0.10
78.78 0.00 0.58
Instrument I.D. 78
1828-1834 Chrono Date 1831
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.00 0.00 tr 0.00 0.00 0.00 0.00 100.09
0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 34.79 99.99
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 35.96 99.99
0.00 0.00 0.00 0.57 0.00 0.00 0.00 0.39 0.00 20.05 100.47
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HM151
Key plate 6
General view to left with points of analysis
i 'JJSZL Z t
CHA9 F A C S .
49 KTT'O ■s*
Inscription CHAS PACE, 49 KING ST
Bell
HM151a
Garland
Mouthpiece receiver 
HM151d
General view to right with points of analysis
FIGURE F.43 6-KEYED BUGLE BY CHARLES PACE. JOHN WEBB COLLECTION (JW164)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
JW2
BUGLE, 7-KEYED
John Webb 
Charles Pace Period
CHARLES.PACE/ N0.2 CROWN ST/ WESTMINSTER 
In collection of John Webb.
Instrument I.D. 85
1828-1833 Chrono Date 1831
Repairs
Comments
Repair to crook to mouthpiece receiver. Rim of bell badly finished on inside.
Mainly copper body with direct method brass garland and mouth-piece receiver tube, but key plate is cementation brass. Metal smith tabs' 25mm apart.
coco
Section No. Section Date KV Number Location
1 Bell 10-Jul-01 40 HM152a RLAHA
2 Garland 10-Jul-01 40 HM152b RLAHA
3 Key plate 7 10-JUI-01 40 HM152C RLAHA
4 Mouthpiece receiver 10-Jul-01 40 HM152d RLAHA
Summary
100% Copper
65 % Copper / 34 % Zinc /1 % Lead + some Co.Fe 
76% Copper / 20 % Zinc / 2 % Lead + some As, Fe, Ni,Sn. 
65 % Copper / 35 % Zinc + some Fe
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Instrument Number JW2
Instrument Name 
Maker's Name 
Section No.
BUGLE, 7-KEYED
Charles Pace Period
1 Ben
2 Garland
3 Key plate 7
4  Mouthpiece receiver
Weight percent - Ag As
1 0.10 tr
2 0.00 0.00
3 tr 0.30
4 0.00 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
99.72 0.00 0.00
64.62 0.03 0.12
76.39 0.03 0.49
64.50 tr 0.10
Instrument I.D. 85
1828-1833 ChronoDate 1831
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.10 0.00 0.00 100.02
0.00 0.00 0.00 1.02 0.00 0.00 0.00 0.00 0.00 34.21 100.00
0.00 0.00 0.11 2.00 0.00 0.00 0.00 0.47 0.00 20.24 100.03
0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 0.00 35.39 99.99
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Key plate 5 
HM143dKey plate 6 
HM143c \
Mouthpiece reciever 
HM143f Bell
HM143a
HM143bFerrule 143g
General view to left with points of analysis General view to right with points of analysis
Solder
HM143e
;;:- csov;a
Missing key plate
Inscription CHARLES PACE NO 2 CROWN ST Detail missing key plate and solder with points of analysis
FIGURE F. 6-KEYED BUGLE BY CHARLES PACE, BOOSEY AND HAWKES COLLECTION (BH540)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription
History
BH540
BUGLE, 6-KEYED
Boosey & Hawkes 
Charles Pace Period
CHARLES.PACE/ NO.2 CROWN ST//WESTMINSTER 
In museum collection of Boosey & Hawkes
Instrument I.D. 76
1828-1833 Chrono Date 1831
Repairs Bad soldering to one key. Key 4 is missing, but remains of solder extant on the body.
Comments Copper body with direct method brass garland, ferrule and mouthpiece receiver. Keyplate 6 is the only one to show the Pace ’forked* decorative 
feature and is a cementation brass in common with other Pace keyed bugles. Key plate 5 is a direct method brass and is probably a later 
replacement. Spacing between metal smiths tabs’ = 35mm.
Summaryon No. Section Date KV Number Location
1 Bell 19-Jun-01 40 HM143a RLAHA 99%
2 Garland 19-Jun-01 40 HM143b RLAHA 63%
3 Key plate, 6 19-Jun-01 40 HM143C RLAHA 73%
4 Key plate, 5 19-Jun-01 40 HM143d RLAHA 65%
5 Solder, to missing key 4 19-Jun-01 40 HM143e RLAHA 76%
6 Mouthpiece receiver 19-Jun-01 40 HM143f RLAHA 63%
7 Ferrule 19-Jun-01 40 HM143g RLAHA 64%
Lead + some As, Fe, Ni, Sn
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Instrument Number BH540
Instrument Name 
Maker's Name 
Section No.
BUGLE, 6-KEYED
Charles Pace Period
1 Bell
2 Garland
3 Key plate, 6
4  Key plate, 5
5 Solder, to missing key 4
6 Mouthpiece receiver
7 Ferrule
Weight percent - Ag As
1 0.00 0.41
2 0.00 0.23
3 tr tr
4 0.00 0.00
5 0.00 0.00
6 tr 0.00
7 tr 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
99.18 0.00 0.00
63.32 tr 0.12
72.54 tr 0.53
64.91 tr 0.06
0.00 0.00 0.00
63.30 0.02 0.14
63.89 0.03 0.14
Instrument I.D. 76
1828-1833 ChronoDate 1831
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.28 tr 0.00 0.00 0.00 0.00 0.00 0.00 99.87
0.00 0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 36.31 99.98
0.00 0.00 tr 1.27 0.00 0.00 0.00 0.54 0.00 25.26 100.14
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 35.00 99.97
0.00 0.00 0.00 76.30 0.00 0.00 0.00 23.69 0.00 0.00 99.99
0.00 0.00 0.00 0.57 0.00 0.00 0.00 0.00 0.00 35.97 100.00
0.00 0.00 tr 0.50 0.00 0.00 0.00 0.00 0.00 35.43 99.99
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Finger button 
Valve, 1 
HM154d\
Valve, 2 tube 
HM154c
General view to left with points of analysis General view to right with points of analysis
Inscription CHAS PACE, 49 KING ST 
FIGURE F.45 3-VALVE TRUMPET BY CHARLES PACE. BATE COLLECTION OXFORD (712)
HM154a
Garland
HM154b
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Instrument Number
Instrument Name
Owner
Maker’s Name 
Maker's Inscription 
History
712 Instrument I.D.
TRUMPET, 3-ST0LZEL VALVES
Bate Collection. University of Oxford 
Charles Pace Period 1834-1849
IMPROVED/ & MADE BY/ CHAS PACE/ 49 KING ST/ WESTMINSTER 
Reginald Morley-Pegge Memorial Gift, given by his son William to the Bate Collection.
6
Chrono Date 1836
Repairs None obvious.
Comments
oi001
Bell, Garland, valve 2 tube: direct method brass. Finger button to valve 2: late paktong. In original box with 5 crooks & silver plated mouthpiece 
made by KOhler of Covent Garden. Made by Charles Pace and sold by John Green of 53 Soho Square, London(inscription on bell). Dated to 1836 by 
Morley-Pegge.(Bate Collection catalogue)
SummarySection No. Section Date KV Number Location
1 Bell 10-Jul-01 40 HM154a RLAHA 67%
2 Garland 10-Jul-01 40 HM154b RLAHA 67%
3 Valve, 2, tube 10-Jul-01 0 HM154c RLAHA 68%
4 Finger button, valve 1 10-Jul-01 40 HM154d RLAHA 56%
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
712
TRUMPET, 3-STdLZEL VALVES
Charles Pace
Bell
Garland 
Valve, 2, tube 
Finger button, valve 1
Period
Instrument I.D.
1834-1849
6
Chrono Date 1836
Weight percent - Ag
cn 1 tr
8  2 tr
3 0.00
4 tr
As Au Bi Cd Cu Co
0.00 0.00 0.00 0.00 67.28 0.00
0.00 0.00 0.00 0.00 67.08 0.00
0.00 0.00 0.00 0.00 67.83 0.00
0.00 0.00 0.00 0.00 56.49 0.00
Fe Mg Mn Ni Pb S
0.15 0.00 0.00 tr 0.51 0.00
0.15 0.00 0.00 0.04 0.17 0.00
0.12 0.00 0.00 0.04 0.27 0.00
1.12 0.00 0.00 11.60 0.40 0.00
Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.00 32.05 99.99
0.00 0.00 0.00 0.00 32.56 100.00
0.00 0.00 0.00 0.00 31.76 100.02
0.00 0.00 0.10 0.00 30.13 99.84
APPENDIX 
F: THE 
M
USICAL 
INSTRUM
ENTS 
W
ITH 
THEIR 
FULL 
A
N
A
LYSES
507
Valve 2 tube 
HM149c
Bell
HM149a
^Garland
HM149b
General view to left with point of analysis General view to right with points of analysis
a  <•>*>" -'.'V
Detail valves Inscription C. PACE LONDON
FIGURE F.46 2-VALVE TRUMPET BY CHARLES PACE. JOHN WEBB COLLECTION (JW3)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's inscription 
History
JW3 Instrument I.D.
TRUMPET, 2 - ST0LZEL VALVE IN F
John Webb
Charles Pace Period 1828-1849
C PACE/ LONDON/ MAKER
in collection John Webb.
83
Chrono Date
Repairs Patch to bow off lead pipe. Solder repairs to lead pipe.
Comments Bell, garland, valve 2: direct method brass.
cn
ooo
Section No. Section Date KV Number Location
1 Bell 01-Jul-01 40 HM149a RLAHA 65% Copper/ 35 % Zinc + some Fe.
2 Garland 09-Jul-01 40 HM149b RLAHA 70% Copper/ 30 % Zinc + some Fe.
3 Valve 2, tube 09-Jul-01 40 HM149C RLAHA 64% Copper / 35 % Zinc + some Fe
Summary
1839
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
JW3 Instrument I.D. 83
TRUMPET, 2 - STdLZEL VALVE IN F
Charles Pace Period 1828-1849 Chrono Date
Bell
Garland 
Valve 2, tube
1839
Weight percent­
er!o
CO
Ag As All Bi Cd Cu Co Fe Mg Mn Ni Pb S Sb Si Sn Ti Zn
1 0.00 0.00 0.00 0.00 0.00 65.25 0.00 0.09 0.00 0.00 0.05 0.10 0.00 0.00 0.00 0.00 0.00 34.59
2 tr 0.00 0.00 0.00 0.00 69.61 tr 0.32 0.00 0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 29.91
3 0.00 0.00 0.00 0.00 0.00 64.19 0.00 0.07 0.00 0.00 tr 0.52 0.00 0.00 0.00 0.00 0.00 35.21
Total
100.08
99.84
99.99
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Garland
HM161b Ball
HM161c
Bell 
HM161a
General view to left with points of analysis General view to right with point of analysis
Detail ball and slide Inscription C PACE LONDON MAKER
FIGURE F.47 SLIDE TRUMPET BY CHARLES PACE. CRISPIAN STEELE-PERKINS COLLECTION (CSP1)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription
History
CSP1
TRUMPET, SLIDE
Crispian Steele-Perkins 
Charles Pace Period
C.PACE/ LONDON/ MAKER
C.S-P informs that all original. In C.S-P collection.
Repairs
Comments
Super glue applied by C.S-P to a crack in the bell
Bell, garland: direct method brass. Ball: cementation brass.
Section No. Section Date KV Number Location
1 Bell 10-Jul-01 40 HM161a RLAHA
2 Garland 10-Jul-01 40 HM161b RLAHA
3 Ball 10-Jul-01 40 HM161c RLAHA
Instrument I.D. 77
1828-1849 ChronoDate
Summary
64% Copper / 36% Zinc
65 % Copper / 34 % Zinc + some Co, Fe, Pb
78 % Copper / 20 % Zinc + some Fe, Pb
1839
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Instrument Number CSP1
Instrument Name TRUMPET, SLIDE
Maker's Name Charles Pace Period
Section No.
1 Bell
2  Garland
3 Ball
Weight percent - Ag As
1 0.34 0.00
2 0.00 0.00
3 0.00 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
63.97 0.00 tr
65.07 0.03 0.14
77.79 0.04 0.49
Instrument I.D. 77
1828-1849 ChronoDate 1839
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.10 0.00 0.00 0.00 tr 0.00 36.02 100.43
0.00 0.00 tr 0.48 0.00 0.00 0.00 0.00 0.00 34.27 99.99
0.00 0.00 0.00 0.96 0.00 0.00 0.00 0.00 0.00 20.72 100.00
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Mouthpiece
18678B
Ferrule
Garland 
F1
F118677B Coppery effect F118681B 
F118682B
General view to left with points of analysis Detail Bell, ferrules and ball
F118679B
Finger button
Yard 2
F118680B
General view to right with points of analysis Inscription CHAS PACE, 49 KING ST
FIGURE F.48 2-VALVE TRUMPET BY CHARLES PACE, EUCHMI (3286)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
3286 Instrument I.D.
TRUMPET, 2- HORIZONTAL VALVE
Edinburgh University Collection Historic Musical Instruments (EUCHMI) 
Charles Pace Period 1834-1849
IMPROVED/ & MADE BY/ CHAS PACE/ 49 KING ST/ WESTMINSTER
70
Chrono Date 1840
Collected by Colonel T.B. Shaw-Hellier (1836-1910). On loan to EUCHMI from J.W.Phillips descendant and current owner Shaw-Hellier Collection.(EUCHMI 
catalogue 1996 Part H Fascicle iii, 21-22).
Repairs
Comments
Coppery areas at all joints suggests that the instrument has got 'loose' at some time and joints were heated to re-flow the solder, leaving coppery 
surface. An attempt to pick this up with XRF failed as the penetration capability passes through this sort of surface feature.
Bell, garland, yard 2, ferrule to yard 2, ball: direct method brass. Coppery effect near Ferrule (yard 2) - attempt to see if de-zincification 
occurring but penetration of x-ray passed through to brass underneath: direct method brass. Mouthpiece: leaded brass with silver rim. Name plate: 
german silver. Finger button to valve 2: paktong. The mouthpiece (3287) is attributed to Frederick Pace ( EUCHMI Catalogue), but there is no
markings or otherwise to suggest why.
ion No. Section Date KV Number Location Summary
1 Name plate (on bell) 18-NOV-99 50 F118676B NMS 52 % Copper /1 0  % Nickel / 36% Zinc + some As, Pb
2 Bell 18-NOV-99 50 F118677B NMS 64 % Copper / 35 % Zinc + some Pb
3 Bell (2) 16-Jan-02 50 F125058B NMS 64 % Copper / 35 % Zinc + some Ag, As.Fe, Pb
4 Ball 18-Nov-99 50 F118678B NMS 68 % Copper / 32 % Zinc + some Pb
5 Finger button, valve 2 18-Nov-99 50 F118679B NMS 57 % Copper /1 4  % Nickel / 26 % Zinc / 0.94 % Iron + some As, Pb,
6 Yard, 2 18-Nov-99 50 F118680B NMS 65 % Copper / 34 % Zinc + some As, Pb
7 Ferrule, yard 2 18-Nov-99 50 F118681B NMS 66 % Copper / 33 % Zinc + some Pb
8 Garland 18-NOV-99 50 F118681B NMS 64 % Copper / 36 % Zinc + some Pb
9 Coppery effect, near joint tc 18-Nov-99 50 F118682B NMS 65 % Copper / 34 % Zinc + some Pb
10 Mouthpiece - body 18-NOV-99 50 F118683B NMS 70 % Copper / 26 % Zinc / 2 % Lead + some As, Fe
11 Mouthpiece (white metal) 18-NOV-99 50 F118684B NMS 93%  Silver/ 7%  Copper + someSn
12 Tube, yard 2 (2) 16-Jan-02 50 F125059B NMS 66 % Copper / 33 % Zinc + some Ag, As, Fe, Pb, Sn
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
5
6
7
8
9
10
3286 Instrument I.D.
TRUMPET, 2- HORIZONTAL VALVE
Charles Pace
Name plate (on bell)
Bell 
Bell (2)
Ball
Finger button, valve 2 
Yard, 2 
Ferrule, yard 2 
Garland
Coppery effect, near joint to ferrule (yard 2) 
Mouthpiece - body
Period 1834-1849
70
Chrono Date
11 Mouthpiece (white metal)
12 Tube, yard 2 (2)
1840
Weight percent -
oi
Ol
Ag As Au Bi Cd Cu Co Fe Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
1 0.00 0.15 0.00 0.00 0.00 51.92 0.00 0.28 0.00 0.00 10.45 0.55 0.00 0.00 0.00 0.00 0.00 36.58 99.93
2 0.00 tr 0.00 0.00 0.00 64.32 0.00 0.00 0.00 0.00 0.00 0.62 0.00 0.00 0.00 0.00 0.00 34.83 99.77
3 0.07 0.01 0.00 0.00 0.00 63.97 0.00 0.05 0.00 0.00 0.00 0.67 0.00 0.00 0.00 0.00 0.00 35.21 99.98
4 0.00 0.00 0.00 0.00 0.00 67.84 0.00 0.00 0.00 0.00 0.00 0.28 0.00 0.00 0.00 0.00 0.00 31.75 99.87
5 0.00 0.50 0.00 0.00 0.00 56.70 0.00 0.94 0.00 0.00 13.61 1.93 0.00 0.00 0.00 0.00 0.00 25.83 99.51
6 0.00 0.23 0.00 0.00 0.00 64.90 0.00 tr 0.00 0.00 0.00 0.70 0.00 0.00 0.00 0.00 0.00 34.06 99.89
7 0.00 0.00 0.00 0.00 0.00 66.13 0.00 tr 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 33.21 99.85
8 0.00 0.00 0.00 0.00 0.00 63.88 0.00 tr 0.00 0.00 0.00 0.45 0.00 0.00 0.00 0.00 0.00 35.55 99.88
9 0.00 0.00 0.00 0.00 0.00 64.79 0.00 0.00 0.00 0.00 0.00 0.74 0.00 0.00 0.00 0.00 0.00 34.32 99.85
10 tr 0.13 0.00 0.00 0.00 70.47 0.00 0.41 0.00 0.00 0.00 1.94 0.00 0.00 0.00 0.00 0.00 26.16 99.11
11 92.77 0.00 0.00 0.00 0.00 6.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.34 0.00 0.00 99.91
12 0.03 0.10 0.00 0.00 0.00 65.76 0.00 0.09 0.00 0.00 0.00 0.60 0.00 0.00 0.00 0.01 0.00 33.41 100.00
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Patch repair 
HM138b Patch repair 
HM138c
HM138d
Bell
HM138a
HM138f
General view to left with points of analysis
General view to right with points of analysis
Detail ball and slide
Detail repair inner tube
Inscription C. PACE and patch repairs
FIGURE F.49 SLIDE TRUMPET BY CHARLES PACE. BOOSEY & HAWKES COLLECTION (BH613)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
BH613 Instrument I.D.
TRUMPET, SLIDE, CLOCK SPRING
Boosey & Hawkes 
Charles Pace Period 1828-1849
C.PACE/ MAKER/ LONDON
In Museum collection of Boosey & Hawkes.
72
Chrono Date
Repairs Much repair to bell, 3 large patches very neatly done, one is cut around the makers inscription. Patch on inside of bell as Well.
Comments Bell, garland, yard 2, patches to bell: direct method brass. Solder to patch 3 approx 3:1 lead/tin.
Ol
Section No. Section Date KV Number Location Summary
1 Bell 18-Jun-01 40 HM138a RLAHA 65 % Copper / 34 % Zinc + some Fe, Pb
2 Patch 1, cut around inscript 18-Jun-01 40 HM138b RLAHA 68 % Copper/ 31 % Zinc + some Co, Fe, Pb
3 Patch 2, on bell 18-Jun-01 40 HM138C RLAHA 67 % Copper / 32 % Zinc + some Fe, Pb
4 Garland 18-Jun-01 40 HM138d RLAHA 65 % Copper / 35 % Zinc + some Fe
5 Solder, to patch 3 18-Jun-01 40 HM138e RLAHA 77 % Lead / 23 % Tin
6 Tube, yard 2 18-Jun-01 40 HM138f RLAHA 67 % Copper / 32% Zinc + some Fe, Pb
1840
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Instrument Number BH613 Instrument I.D. 72
Instrument Name 
Maker's Name 
Section No.
TRUMPET, SLIDE, CLOCK SPRING
Charles Pace
1 Bell
2 Patch 1, cut around inscription
3 Patch 2, on bell
4  Garland
5 Solder, to patch 3
6 Tube, yard 2
Period 1828-1849 Chrono Date 1840
Weight percent -
oi
00
Ag As Au Bi Cd Cu Co Fe Mg Mn Ni Pb S Sb SI Sn Ti Zn Total
1 0.00 0.00 0.00 0.00 0.00 65.29 0.00 0.09 0.00 0.00 tr 0.46 0.00 0.00 0.00 0.00 0.00 34.15 99.99
2 0.00 0.00 0.00 0.00 0.00 67.86 0.04 0.07 0.00 0.00 0.00 0.54 0.00 0.00 0.00 0.00 0.00 31.49 100.00
3 0.00 0.00 0.00 0.00 0.00 67.19 tr 0.11 0.00 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00 32.34 99.97
4 tr 0.00 0.00 0.00 0.00 64.95 0.00 0.19 0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 0.00 34.73 99.87
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 76.79 0.00 0.00 0.00 23.21 0.00 0.00 100.00
6 tr 0.00 0.00 0.00 0.00 67.35 0.00 0.08 0.00 0.00 0.00 0.71 0.00 0.00 0.00 0.00 0.00 31.83 99.97
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Key plate 3 
M193d
HM193f
HM193a
HM193e
Garland
HM193b
Mouthpiece receiver
General view to left with points of analysis General view to right with points of analysis
Pace decorative 'arrow'
Detail key plates and Pace ‘arrow’
Inscription Chas Pace, London
Detail brazing to tube
FIGURE F.50 6-KEYED BUGLE BY CHARLES PACE. MAIDSTONE MUSEUM (2.8512)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
2.8512 Instrument I.D.
BUGLE, 6-KEYED
Maidstone Museum & Bentliff Art Gallery 
Charles Pace Period 1828-1849
Manufactured by/ Chas Pace/ London/for J.Gifford/ Cambridge
66
Chrono Date 1840
The bugle came into the Maidstone Museum collections when they amalgamated with the Museum of Carriages at Cobtree, Kent. It may have been part of 
the original collection from Sir Garrard Thrywitt Drake who lived at Cobtree, Kent
Repairs Bell damaged at some time and re-worked
Comments Bell & body: copper. Garland: direct method brass. Keyplate 6, keyplate 3, mouthpiece: cementation brass.
o iN>o
ion No. Section Date KV Number Location Summary
1 Bell 29-Jan-02 40 HM193a RLAHA 100% Copper
2 Garland 29-Jan-02 40 HM193b RLAHA 66% Copper / 34 % Zinc + some Fe
3 Keyplate, 6 29-Jan-02 40 HM193C RLAHA 75 % Copper / 22 % Zinc + some Fe, Pb.Sn
4 Keyplate, 3 29-Jan-02 40 HM193d RLAHA 74 % Copper / 25 % Zinc + some Ag, As, Fe, Pb, Sn
S Mouthpiece receiver 29-Jan-02 40 HM193e RLAHA 91 % Copper/ 8% Zinc +some As.Bi, Pb
6 Mouthpiece 29-Jan-02 40 HM193f RLAHA 72 % Copper / 23 % Zinc + some Co, Fe, Ni, Sn
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Instrument Number 2.8512
Instrument Name 
Maker's Name 
Section No.
BUGLE, 6-KEYED
Charles Pace Period
1 Bell
2 Garland
3 Keyplate, 6
4  Keyplate, 3
5 Mouthpiece receiver
6 Mouthpiece
Weight percent­
erN>
Ag As Au Bi Cd Cu Co
1 0.14 0.20 0.00 0.00 0.00 99.99 0.00
2 tr 0.00 0.00 0.00 0.00 66.49 0.00
3 tr tr 0.00 0.00 0.00 75.08 0.00
4 0.16 0.36 0.00 0.00 0.00 73.61 tr
5 tr 0.30 0.00 0.20 0.00 91.39 0.00
6 0.00 0.00 0.00 0.00 0.00 71.79 0.02
Fe
0.00
0.09
0.62
0.42
0.00
0.36
Instrument I.D. 66
1828-1849 ChronoDate 1840
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 tr 100.33
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 33.51 100.09
0.00 0.00 0.00 0.97 0.00 tr 0.00 0.97 0.00 22.00 99.64
0.00 0.00 0.00 0.50 0.00 0.00 0.00 0.96 0.00 24.64 100.65
0.00 0.00 0.00 0.30 0.00 0.00 0.00 0.00 0.00 8.61 100.80
0.00 0.00 0.78 2.56 0.00 0.00 0.00 1.03 0.00 23.47 100.01
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Key plate 8 
HM219c
Pace 'arrow* 
decoration to 
keys
HM219a
HM219e
General view to left with points of analysis
Mouthpiece
receiver
Garland
HM219b
Detail copper smiths join
General view to right with points of analysis Inscription CHAS PACE
FIGURE F.51 8-KEYED BUGLE BY CHARLES PACE. BRIGHTON MUSEUM (100455)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
100455 Instrument I.D.
BUGLE, 8-KEYED
Brighton, Royal Pavilion, Art Gallery and Museums 
Charles Pace Period 1834-1849
CHAS PACE/ MAKER/ 49 KING ST/ WESTMINSTER
Donated to the Brighton Museum in 1936 by Mr C.F. Holman.
109
Chrono Date
Repairs New red felt pads to keys
Comments Bell and body: copper. Garland: direct method brass. Keyplate 8, keyplate 4, mouthpiece receiver cementation brass.
o i
to0)
ion No. Section Date KV Number Location Summary
1 Bell 28-Jun-02 40 HM219a RLAHA 99% Copper + some Pb
2 Garland 28-Jun-02 40 HM219b RLAHA 70 % Copper / 30 % Zinc + some Fe, Pb
3 Key plate, 8 28-Jun-02 40 HM219c RLAHA 80 % Copper / 20 % Zinc + some As, Fe, Pb, Sn
4 Key plate, 4 28-Jun-02 40 HM219d RLAHA 71 % Copper / 27 % Zinc + some As, Fe, Pb, Sn
5 Mouthpiece receiver 28-Jun-02 40 HM219e RLAHA 71% Copper/ 27% Zinc +someFe, Pb
1840
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Instrument Number 100455
Instrument Name 
Maker's Name 
Section No.
BUGLE, 8-KEYED
Charles Pace Period
1 Bell
2 Garland
3 Key plate, 8
4  Key plate, 4
5 Mouthpiece receiver
Weight percent - Ag As
1 tr tr
2 tr 0.00
3 tr 0.20
4 0.00 0.40
5 0.00 0.00
Au Bi Cd
0.00 tr 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
99.88 0.00 0.00
70.02 tr 0.11
78.32 0.00 0.24
71.00 tr 0.33
71.84 0.00 0.11
Instrument I.D. 109
1834-1849 Chrono Date 1840
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 99.99
0.00 0.00 0.00 0.17 0.00 0.00 0.00 0.00 0.00 29.70 100.00
0.00 0.00 tr 1.20 0.00 0.00 0.00 0.44 0.00 19.13 99.53
0.00 0.00 0.00 1.20 0.00 0.00 0.00 0.50 0.00 26.73 100.16
0.00 0.00 0.00 0.73 0.00 0.00 0.00 0.00 0.00 27.32 100.00
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Crook 
501
Ferrule
Mouthpiece
receiver Valve 2 
tube 
496
Valve 2
sleeve
497
Garland 
495
Teardrop
Detail ‘teardrop’ showing points of analysis
Inscription CHAS PACE 
General view right showing points of analysis General view left showing points of analysis
FIGURE F.52 3-VALVE CORNOPEAN BY CHARLES PACE. VICTORIA & ALBERT MUSEUM (W20-1939)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
W 20-1939 Instrument I.D.
CORNOPEAN, 3-STdLZEL VALVE
Victoria & Albert Museum 
Charles Pace Period 1834-1849
Improved & Made by/ CHAS PACE/ 49 King Str/Westminster 
Given to the V&A by AT.Legge Esq.
117
Chrono Date 1840
Repairs 2 solder repairs to splits in the teardrop tuning slide. Clapper key is missing and chimney ’hole’ has been blocked with cork, nub of solder on back 
bow where lever would have been. Lacking finger buttons to valves.
Comments Both raw data and normalised data are given. Bell, teardrop tuning slide, crook in F:direct method brass. Garland, mouthpiece receiver: paktong. 
Valve sleeve, ferrule to crook in F: European German silver.
Section No. Section Date KV Number Location Summary
1 Bell - raw 20-Jun-02 35 494 V&A 90% Copper 45 % Zinc + some Ag, As, Fe, Ni,
2 Garland - raw 20-Jun-02 35 495 V&A 84% Copper 12 % Nickel / 28 % Zinc + some Ag, As, Fe
3 Valve, 2 - raw 20-Jun-02 35 496 V&A 90% Copper 10 % Nickel 1 26 % Zinc + some Ag, As, Fe
4 Tuning slide, teardrop - raw 20-Jun-02 35 498 V&A 78% Copper 33 % Zinc + some Ag, As, Fe, Ni
5 Mouthpiece receiver-raw 2(KJun-02 35 499 V&A 80% Copper 11 % Nickel / 28 % Zinc + some Ag, As, Fe
6 Crook, in F - raw 20-Jun-02 35 501 V&A 81 % Copper 44 % Zinc + some Ag, As, Fe, Ni
7 Ferrule, to crook in F - raw 20-Jun-02 35 502 V&A 74% Copper 9 % Nickel / 21 % Zinc + some Ag, As. Fe
8 Bell - norm' 20-Jun-02 35 494 V&A 67% Copper 33 % Zinc + some Ag, As, Fe, Ni
9 Garland - norm' 20-Jun-02 35 495 V&A 67% Copper 10 % Nickel / 22 % Zinc + some Ag, As, Fe
10 Valve, 2 - norm' 20-Jun-02 35 496 V&A 72% Copper 27 % Zinc + some Ag, As, Fe, Ni
11 Sleeve, valve 2 - norm1 2O-Jun-02 35 497 V&A 69% Copper 8 % Nickel / 22 % Zinc + some Ag, As, Fe
12 Tuning slide, teardrop - non 2(kJun-02 35 498 V&A 70% Copper 29 % Zinc + some Ag, As, Fe, Ni
13 Mouthpiece receiver - norm 20-Jun-02 35 499 V&A 67% Copper 9 % Nickel / 23 % Zinc + some Ag, As, Fe
14 Crook, in F - norm’ 20-Jun-02 35 501 V&A 64% Copper 35 % Zinc + some Ag, As, Fe, Ni
IS Ferrule, to Crook F - norm' 20-Jun-02 35 502 V&A 71 % Copper 9 % Nickel / 20 % Zinc + some Ag, As, Fe
16 Sleeve, Valve 2 - raw 20-Jun-02 35 497 V&A 85% Copper 10 % Nickel / 25 % Zinc
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Instrument Number W20-1939 Instrument I.D. 117
Instrument Name
Maker's Name
CORNOPEAN, 3-STdLZEL VALVE
Charles Pace Period 1834-1849 Chrono Date 1840
Section No.
1 Bell - raw
2 Garland - raw
3 Valve, 2 - raw
4 Tuning slide, teardrop - raw
5 Mouthpiece receiver - raw
6 Crook, in F - raw
7 Ferrule, to crook in F - raw
8 Bell - norm'
9 Garland - norm'
10 Valve, 2 - norm'
11 Sleeve, valve 2 - norm'
12 Tuning slide, teardrop - norm'
13 Mouthpiece receiver - norm’
14 Crook, in F - norm'
15 Ferrule, to Crook F - norm'
16 Sleeve, Valve 2 - raw
Weight percent­
erto
-v l
Ag As Au B1 Cd Cu Co Fe Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
1 0.01 0.14 0.00 0.00 0.00 90.91 0.00 0.10 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 44.46 135.77
2 0.02 0.14 0.00 0.00 0.00 83.83 0.00 0.47 0.00 0.00 12.03 0.00 0.00 0.00 0.00 0.00 0.00 27.96 124.45
3 0.01 0.14 0.00 0.00 0.00 90.75 0.00 0.24 0.00 0.00 9.71 0.00 0.00 0.00 0.00 0.00 0.00 26.37 127.22
4 0.20 0.14 0.00 0.00 0.00 78.41 0.00 0.05 0.00 0.00 1.18 0.00 0.00 0.00 0.00 0.00 0.00 32.90 112.88
5 0.01 0.14 0.00 0.00 0.00 80.63 0.00 0.45 0.00 0.00 11.05 0.00 0.00 0.00 0.00 0.00 0.00 27.62 119.90
6 0.02 0.14 0.00 0.00 0.00 81.46 0.00 0.03 0.00 0.00 1.18 0.00 0.00 0.00 0.00 0.00 0.00 43.82 126.65
7 0.01 0.14 0.00 0.00 0.00 73.99 0.00 0.35 0.00 0.00 9.36 0.00 0.00 0.00 0.00 0.00 0.00 20.78 104.63
8 0.01 0.10 0.00 0.00 0.00 66.91 0.00 0.07 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 32.72 99.96
9 0.80 0.11 0.00 0.00 0.00 67.32 0.00 0.38 0.00 0.00 9.66 0.00 0.00 0.00 0.00 0.00 0.00 22.45 100.72
10 0.01 0.11 0.00 0.00 0.00 72.15 0.00 0.05 0.00 0.00 0.94 0.00 0.00 0.00 0.00 0.00 0.00 26.70 99.96
11 0.01 0.12 0.00 0.00 0.00 69.41 0.00 0.20 0.00 0.00 8.14 0.00 0.00 0.00 0.00 0.00 0.00 22.10 99.98
12 0.02 0.12 0.00 0.00 0.00 70.02 0.00 0.04 0.00 0.00 1.05 0.00 0.00 0.00 0.00 0.00 0.00 28.66 99.91
13 0.00 0.12 0.00 0.00 0.00 67.25 0.00 0.37 0.00 0.00 9.21 0.00 0.00 0.00 0.00 0.00 0.00 23.03 99.98
14 0.01 0.11 0.00 0.00 0.00 64.27 0.00 0.02 0.00 0.00 0.93 0.00 0.00 0.00 0.00 0.00 0.00 34.57 99.91
15 0.01 0.14 0.00 0.00 0.00 70.66 0.00 0.33 0.00 0.00 8.94 0.00 0.00 0.00 0.00 0.00 0.00 19.84 99.92
16 0.08 0.14 0.00 0.00 0.00 82.83 0.00 0.24 0.00 0.00 9.71 0.00 0.00 0.00 0.00 0.00 0.00 26.37 119.37
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HM221f
Valve 2
Clapper
key
HM221e
General view to left with points of analysis
Inscription CHAS PACE 
Detail valves and clapper key
FIGURE F.53 3-VALVE CORNOPEAN BY CHARLES PACE. BRIGHTON MUSEUM (100568)
Garland
HM221b
Teardrop
Mouthpiece
receiver
Bell
HM221a
HM221C
General view to right with points of analysis
APPENDIX 
F: THE 
M
USICAL 
INSTRUM
ENTS 
W
ITH 
THEIR 
FULL 
AN
ALYSES
529
Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription
History
100568 Instrument I.D. 110
CORNOPEAN, 3-VALVE
Brighton. Royal Pavilion, Art Gallery & Museums 
Charles Pace Period 1834-1849 Chrono Date 1840
Improved & Made by/ CHAS PACE/ 49 King Street Westminster
Donated by Mrs Spencer in March 1969 to go with the rest of the Spencer Collection purchased previously by the Brighton Museum in 1960.
Repairs None obvious.
Comments Bell, teardrop tuning slide: direct method brass. Garland, mouthpiece receiver: European German silver - contains less than .25 % Fe. Clapper key 
plate: More typical late paktong 1800-1820. Finger button valve 2: final phase paktong >1830 with lesszinc and more copper. In its own red velvet 
lined box
ion No. Section Date KV Number Location Summary
1 Bell 28-Jun-02 40 HM221a RLAHA 67 % Copper / 33 % Zinc + some Pb
2 Garland 28-Jun-02 40 HM221b RLAHA 60 % Copper /16% Nickel / 23% Zinc / .25 % Iron + some Ag, Co, Pb
3 Tuning slide - teardrop 28-Jun-02 40 HM221c RLAHA 63% Copper / 36 % Zinc + some Fe, Pb
4 Mouthpiece receiver 28-Jun-02 40 HM221d RLAHA 59 % Copper /18 % Nickel 123 % Zinc / .14 % Iron + some As, Bi, Co, Pb
5 Clapper key plate 28-Jun-02 40 HM221e RLAHA 50 % Copper / 20 % Nickel / 30 % Zinc / .84 % Iron + some As, Co, Pb, Sb,Sn
6 Finger button, valve 2 28-Jun-02 40 HM221f RLAHA 54% Copper / 17 % Nickel / 23 % Zinc / .93 % Iron + some Ag,As,Bi,Pb,Sb,Sn.
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Instrument Number 100568
Instrument Name 
Maker's Name 
Section No.
CORNOPEAN, 3-VALVE
Charles Pace Period
1 Bell
2 Garland
3 Tuning slide - teardrop
4 Mouthpiece receiver
5 Clapper key plate
6 Finger button, valve 2
Weight percent - Ag As
1 tr 0.00
2 0.15 0.00
3 0.00 0.00
4 0.00 0.10
5 tr 0.44
6 0.17 0.50
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.10 0.00
0.00 0.00 0.00
0.00 0.60 0.00
Cu Co Fe
66.94 tr tr
60.37 0.08 0.25
63.48 0.00 0.07
58.79 0.13 0.14
47.98 0.21 0.84
53.50 0.27 0.93
Instrument I.D. 110
1834-1849 ChronoDate 1840
Mg Mn NI Pb S Sb SI Sn Ti Zn Total
0.00 0.00 0.00 0.60 0.00 0.00 0.00 0.00 0.00 32.46 100.00
0.00 0.00 15.63 0.74 0.00 0.00 0.00 0.00 0.00 22.78 100.00
0.00 0.00 0.00 0.46 0.00 0.00 0.00 0.00 0.00 35.98 99.99
0.00 0.00 18.42 0.10 0.00 0.00 0.00 0.00 0.00 22.52 100.30
0.00 0.00 18.85 0.20 0.00 0.20 0.00 1.02 0.00 30.66 100.40
0.00 0.00 17.07 2.00 0.00 0.20 0.00 1.29 0.00 22.94 99.47
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H M 1 5 1 c
General view to left with points of analysis
cnco
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Team..
Bell
HM151a
Garland
HM151b
Inscription CHAS PACE 49 KING ST
General view to right with points of analysis
FIGURE 5.54 6-KEYED BUGLE BY CHARLES PACE. JOHN WEBB COLLECTION (JW164)
Mouthpiece receiver 
HM151d
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
JW164 Instrument I.D.
BUGLE, 6-KEYED
John Webb
Charles Pace Period 1834-1849
IMPROVED/ & MADE BY/ CHAS PACE/ 49 KING ST/ WESTMINSTER 
In John Webb collection.
84
Chrono Date 1841
Repairs Repair to Key 1, 3 key plates re-padded.
Comments Bell and body: copper. Garland, mouthpiece receiver direct method brass. Keyplate 6: cementation brass. Metalsmiths seam 44mm between tabs’.
oi
00N)
Section No. Section Date KV Number Location Summary
1 Garland 09-Jul-01 40 HM151b RLAHA 66 % Copper / 34 % Zinc + some Co, Pb
2 Key plate, 6 09-Jul-01 40 HM151C RLAHA 74 % Copper / 25 % Zinc + some As, Fe, Pb, Sn
3 Mouthpiece receiver 09-Jul-01 40 HM151d RLAHA 65 % Copper / 34 % Zinc + some Co, Fe, Pb
4 Bell 09-Jul-01 40 HM151a RLAHA 100 % Copper + some As, Ni,
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Instrument Number JW164
Instrument Name BUGLE, 6-KEYED
Maker's Name Charles Pace Period
Section No.
1 Garland
2 Key plate, 6
3 Mouthpiece receiver
4  Bell
Weight percent - Ag As
1 0.00 0.00
2 tr 0.10
3 tr 0.00
4 0.00 0.24
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
65.77 0.02 tr
73.64 0.00 0.40
65.48 0.03 0.12
99.66 0.00 0.00
Instrument I.D. 84
1834-1849 ChronoDate 1841
Mg Mn Ni Pb s Sb SI Sn Ti Zn Total
0.00 0.00 0.00 0.36 0.00 0.00 0.00 tr 0.00 33.83 99.98
0.00 0.00 0.00 0.20 0.00 0.00 0.00 1.00 0.00 24.75 100.09
0.00 0.00 0.00 0.24 0.00 0.00 0.00 tr 0.00 33.92 99.79
0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 99.99
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Bell
,HM118a
Garland
HM118b
General view to left with points of analysis
OV
5 FA
IKGr
Inscription CHAS PACE, 49 KING ST Detai1 of valves
FIGURE F.55 CORNOPEAN BY CHARLES PACE. HORNIMAN MUSEUM (35.107)
General view to right with points of analysis
Mouthpiece receiver 
HM118e
Valve,3 case  
HM118f
Valve, 2 . tube  
HM118C
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription
History
35.107 Instrument I.D. 86
CORNOPEAN, 3- STQLZEL VALVES
Horniman Museum
Charles Pace Period 1834-1849 ChronoDate
IMPROVED/ & MADE BY/ CHAS PACE/ 49 KING ST/ WESTMINSTER
Name plate on front of bell inscribed P.Connor. Originally part of the Adam Carse Collection. Acquired by the Horniman Museum in 1935.
1841
Repairs None obvious.
Comments
cncooi
Beil: possibly late cementation brass or early direct method brass. Garland: german silver. Valve 2, valve 2 case: unusual mix. Fe high, but could be 
recycled paktong with german silver. Tube lower back bow: direct method brass. Mouthpiece receivergerman silver.
on No. Section Date KV Number Location
1 Bell 19-Mar-01 40 HM118a RLAHA 69%
2 Garland 23-Apr-01 40 HM118b RLAHA 58%
3 Valve 2, tube 23-Apr-01 40 HM118C RLAHA 52%
4 Tube, lower back bow 23-Apr-01 40 HM118d RLAHA 65%
S Mouthpiece receiver, tube 23-Apr-01 40 HM118e RLAHA 60%
6 Valve 3, decorative case 23-Apr-01 40 HM118f RLAHA 57%
Summary
Iron + some Co, Pb
Iron + some Co, Pb.
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Instrument Number 
Instrument Name 
Maker's Name
Section No.
35.107 Instrument I.D.
CORNOPEAN, 3- STOLZEL VALVES
Charles Pace
Bell
Garland 
Valve 2, tube 
Tube, lower back bow 
Mouthpiece receiver, tube 
Valve 3, decorative case
Period 1834-1849
86
Chrono Date 1841
Weight percent­
ercoo>
Ag As Au Bi Cd Cu Co Fe Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
1 0.00 0.00 0.00 0.00 0.00 68.53 tr 0.09 0.00 0.00 0.45 0.53 0.00 0.00 0.00 0.00 0.00 30.81 100.41
2 tr 0.00 0.00 0.00 0.00 58.45 0.10 0.13 0.00 0.00 11.91 0.84 0.00 0.00 0.00 0.00 0.00 28.56 99.99
3 0.00 tr 0.00 0.00 0.00 51.62 0.32 0.78 0.00 0.00 12.08 2.61 0.00 0.00 0.00 0.49 0.00 32.13 100.03
4 0.00 0.00 0.00 0.00 0.00 65.55 0.00 0.08 0.00 0.00 0.06 1.33 0.00 0.00 0.00 0.00 0.00 32.98 100.00
5 0.00 0.00 0.00 0.00 0.00 59.59 0.08 0.18 0.00 0.00 13.14 0.25 0.00 0.00 0.00 0.00 0.00 26.75 99.99
6 tr 0.46 0.00 0.00 0.00 57.15 0.42 0.60 0.00 0.00 13.41 1.44 0.00 0.00 0.00 tr 0.00 26.51 99.99
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~AM825e
Garland
AM825a
Crook
AM825bAM825C
Mouthpiece receiver
General view to left with points of analysis General view to right with points of analysis
Inscription CHAS PACE 49 KING ST 
FIGURE F.56 2-VALVE TRUMPET BY CHARLES PACE. HORNIMAN MUSEUM (1969.696)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription
History
1969.696 Instrument I.D.
TRUMPET, 2 STOLZEL VALVES
Horniman Museum, London 
Charles Pace Period 1834- 1849
Improved & Made by/ CHAS PACE/ 49 King St/Westminster
Ex- Peterborough Museum collection. Acquired by Horniman Museum in 1969.
51
Chrono Date 1841
Repairs None obvious. Valves out of order. One joint in the tube has parted. Lacking finger button to valve 1.
cnco00
Comments Bell, Crook (DG): possibly recycled brass, high in Pb probably mix cementation brass and direct method brass. Garland: paktong. Mouthpiece receiver: 
german silver.
Section No. Section Date KV Number Location Summary
1 Garland 31-Dec-99 60 AM825A TOL 58 % Copper /15 % Nickel 126 % Zinc / 0.32 % Iron + some As, Pb.
2 Bell 31-Dec-99 60 AM825B TOL 70 % Copper / 29% Zinc + some Fe, Ni, Pb, Sn
3 Mouthpiece receiver 31-Dec-99 60 AM825C TOL 57 % Copper /15 % Nickel / 28 % Zinc / 0.21 % Iron + some As, Co, Pb.
4 Crook - longest(DG) 31-Dec-99 60 AM825E TOL 65 % Copper / 34% Zinc + some Fe, Pb, Sb, Sn
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
1969.696
TRUMPET, 2 STOLZEL VALVES
Charles Pace
Garland
Bell
Mouthpiece receiver 
Crook - longest(DG)
Period
Instrument I.D.
1834- 1849
51
Chrono Date 1841
Weight percent -
Oico
co
Ag As Au Bi Cd Cu Co Fe Mg Mn Ni Pb S Sb Si Sn Tl Zn Total
1 0.00 0.08 0.00 0.00 0.00 57.76 0.00 0.32 0.00 0.00 14.94 0.37 0.00 0.00 0.00 0.00 0.00 26.48 99.95
2 0.00 0.00 0.00 0.00 0.00 70.40 0.00 0.15 0.00 0.00 0.05 0.69 0.00 0.00 0.00 0.07 0.00 28.63 99.99
3 0.00 0.06 0.00 0.00 0.00 56.81 0.12 0.21 0.00 0.00 14.37 0.35 0.00 0.00 0.00 0.00 0.00 28.00 99.92
4 0.00 0.00 0.00 0.00 0.00 64.67 0.00 0.13 0.00 0.00 0.00 1.10 0.00 0.09 0.00 0.06 0.00 33.88 99.93
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AM821cBell
AM821B
Tube
HM205a
Garland
AM821a
General view to left with points of analysis
Finger button 
HM205b -
General view to right with points of analysis
Detail of valves and ball Inscription Chromatic Valve Trumpet/No 117/CHAS PACE
FIGURE F.57 2-VALVE TRUMPET BY CHARLES PACE. HORNIMAN MUSEUM (14.5.47/290)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
14.5.47/290 Instrument I.D.
TRUMPET, 2-STdLZEL VALVES
Horniman Museum, London 
Charles Pace Period 1834- 1849 ChronoDate
Chromatic Valve Trumpet/ No. 117/ CHAS PACE/ MAKER/ 49 KING ST/ WESTMINSTER 
Formerly part of Adam Carse collection, donated to the Horniman Museum in 1948.
37
1841
Repairs Patch repair to bell pipe.
Comments Bell, garland, tube 1: direct method brass. Ball: cementation brass, most liekly re-used metal or old stock piece. The finger button to valve 1 is 
possibly Paktong, but the composition is similar to German silver between 1820 and 1830. These early components could bring the chrono' date for 
this piece to the early part of the period.
on No. Section Date KV Number Location
1 Garland 31 -Dec-99 60 AM821A TOL 68%
2 Bell 31-Dec-99 60 AM821B TOL 64%
3 Ball 31-Dec-99 60 AM821C TOL 75%
4 Tube, 1 17-Jun-02 40 HM205a RLAHA 64%
5 Finger button, Valve 1 17-Jun-02 40 HM205b RLAHA 52%
Summary
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
5
14.5.47/290
Weight percent­
er
NJ
Garland 
Bell 
Ball
Tube,1 
Finger button, Valve 1
TRUMPET, 2-ST&LZEL VALVES
Charles Pace Period
Instrument I.D.
1834- 1849
37
Chrono Date 1841
Ag As Au Bi Cd Cu Co Fe Mg Mn Ni Pb S Sb Si Sn Ti Zn
1 0.00 0.00 0.00 0.00 0.00 67.88 0.00 0.14 0.00 0.00 0.00 0.63 0.00 0.00 0.00 0.00 0.00 31.29
2 0.00 0.07 0.00 0.00 0.00 63.60 0.00 0.18 0.00 0.00 0.09 1.05 0.00 0.00 0.00 0.00 0.00 34.96
3 0.00 0.15 0.00 0.00 0.00 74.98 0.00 0.32 0.00 0.00 tr 2.55 0.00 tr 0.00 0.60 0.00 21.29
4 tr 0.00 0.00 0.00 0.00 63.74 0.02 0.18 0.00 0.00 0.00 0.42 0.00 0.00 0.00 0.00 0.00 35.63
5 tr 0.90 0.00 0.60 0.00 51.98 0.22 0.93 0.00 0.00 17.66 0.30 0.00 0.00 0.00 0.00 0.00 28.31
Total
99.94
99.95 
99.89 
99.99 
100.90
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Original yard 
covered by 
new
Original
bell/
Replacement bell duplicating Charles Pace inscription
new bell 
with ball by 
Kohler
General view showing instrument restored to Original bell with Charles Pace inscription
playing condition, with original bell alongside
FIGURE F.58 2-VALVE TRUMPET BY CHARLES PACE. CRISPIAN STEELE-PERKINS COLLECTION (CSP2)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
Repairs
Comments
Section No.
1 Bell
CSP2 Instrument I.D. 2
TRUMPET, 2-STdLZEL VALVES
Crispian Steele - Perkins
Charles Pace Period 1834-1849 Chrano Date 1841
Royal Dockyard Battalion/ Improved & Made by/ Chas. Pace/ 49 King Street/ Westminster/ 
ex Kneller Hall, Royal Military School of Music. Acquired by Crispian Steele-Perkins (CS-P).
Bell replaced with new by CS-P, possibly by Besson, copying inscription from original bell. Ball a replacement from a Kdhler instrument.Tube 
(second yard) a modern replacement totally covering the original underneath (CS-P claims that this does not interfere with the playing). Yard next 
to bell a total replacement.
Bell; direct method brass. Because so much restoration work had been carried out on the instrument, analysis was carried out on the old bell only. 
All copper alloy. White metal finger buttons to Stolzel valves.
Section Date KV Number Location Summary
10-Jul-01 40 HM159a RLAHA 70 % Copper / 30 % Zinc
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Instrument Number CSP2 Instrument I.D. 2
Instrument Name TRUMPET, 2-ST&LZEL VALVES
Maker's Name Charles Pace Period 1834-1849 Chrono Date 1841
Section No.
1 Bell
Weight percent - Ag As Au Bi Cd Cu Co Fe Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.00 0.00 70.53 tr 0.11 0.00 0.00 0.00 0.27 0.00 0.00 0.00 0.00 0.00 29.05 99.96
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Bell (2) 
HM139f
General view to left with point of analysis
Garland
HM139b
HM139a
Ball
HM139d
Yard 
HM139C Ferrule
HM139e
General view to right with points of analysis
General view to right with points of analysis
Inscription CHAS PACE 49 KING ST 
FIGURE F.59 2-VALVE TRUMPET BY CHARLES PACE, BOOSEY & HAWKES COLLECTION (BH 623)
APPENDIX 
F: THE 
M
USICAL 
INSTRUM
ENTS 
W
ITH 
THEIR 
FULL 
A
N
A
LYSES
Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
BH623 Instrument I.D. 74
TRUMPET, 2 - STOLZEL VALVE
Boosey & Hawkes
Charles Pace Period 1834-1849 Chrono Date 1841
Improved & Made by/ CHAS PACE/ 49 King St/ Westminster
In Museum collection of Boosey & Hawkes. Original owners name very difficult to decipher - in a very flourishing hand - looks like J. T. Ogden.
Repairs All in very good condition, could have been restored up to playing condition
Comments
Ol
N
Bell, yard 2: direct method brass. Garland, ferrule to yard 2: paktong. Ball: possibly recycled nickel brass as iron content so high. The ball would
Summary
73 % Copper / 27 % Zinc + some Fe
61% Copper / 12 % Nickel / 25 % Zinc / 0.61 % Iron + some Pb
65 % Copper / 35 % Zinc + some Fe, Ni
57 % Copper / 13 % Nickel / 26 % Zinc / 2.04 % Iron + some As, Bi, Co, Pb 
62 % Copper / 12 % Nickel /  24% Zinc / 0.62 % Iron + some Ag, Co, Pb 
72 % Copper / 27% Zinc + some Fe, Ni, Pb
have been cast, so this is possible.
ion No. Section Date KV Number Location
1 Bell 18-Jun-01 40 HM139a RLAHA
2 Garland 18-Jun-01 40 HM139b RLAHA
3 Tube, yard 2 18-Jun-01 40 HM139C RLAHA
4 Ball 18-Jun-01 40 HM139d RLAHA
5 Ferrule, to yard 2 18-Jun-01 40 HM139e RLAHA
6 Bell (2) 18-Jun-01 40 HM139f RLAHA
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
5
6
BH623 Instrument I.D.
TRUMPET, 2 - STOLZEL VALVE
Charles Pace
Belt
Garland 
Tube,yard 2 
Ball
Ferrule, to yard 2 
Bell (2)
Period 1834-1849
74
Chrono Date 1841
Weight percent­
a l
00
Ag As Au Bi Cd Cu Co Fe Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
1 0.00 0.00 0.00 0.00 0.00 73.00 tr 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 26.99 100.09
2 tr 0.00 0.00 0.00 0.00 61.00 0.00 0.61 0.00 0.00 12.20 0.83 0.00 0.00 0.00 tr 0.00 24.98 99.62
3 0.00 0.00 0.00 0.00 0.00 64.70 0.00 0.08 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 35.13 99.99
4 tr 0.53 0.00 0.02 0.00 57.23 0.54 2.04 0.00 0.00 12.87 0.60 0.00 0.00 0.00 tr 0.00 25.89 99.72
5 0.14 tr 0.00 0.00 0.00 62.07 0.09 0.62 0.00 0.00 12.38 0.58 0.00 0.00 0.00 tr 0.00 23.90 99.78
6 tr 0.00 0.00 0.00 0.00 72.50 tr 0.09 0.00 0.00 0.06 0.42 0.00 0.00 0.00 0.00 0.00 26.81 99.88
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Key plate 4 
HM142d
Mouthpiece receiver 
HM142e ,
Garland
HM142b
Bell
HM142a
General view to left with point of analysis General view to right with points of analysis
Solder
HM142f
Detail key plates and solder Inscription CHAS PACE 49 KING ST
Detail key plate 8
FIGURE F.60 8-KEYED BUGLE BY CHARLES PACE, BOOSEY & HAWKES COLLECTION (BH541)
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Instrument Number
Instrument Name
Owner
Maker’s Name 
Maker's Inscription 
History
BH541
BUGLE, 8-KEYED
Boosey & Hawkes 
Charles Pace Period
CHAS PACE/ MAKER/ 49 KING ST/WESTMINSTER/
In museum collection of Boosey & Hawkes.
Instrument I.D. 75
1834-1849 Chrono Date 1841
Repairs Bad soldering to some keys, could be repairs
Comments
cn
O io
Bell and body: copper. Garland, mouthpiece receiver, direct method brass. Keyplate 8, keyplate 4: cementation brass. Solder 4:1 lead/tin solder. 
20mm spacing between metalsmith 'nips'
Section No. Section Date KV Number Location Summary
1 Bell 19-Jun-01 40 HM142a RLAHA 99% Copper
2 Garland 18-Jun-01 40 HM142b RLAHA 64% Copper/ 35 % Zinc + some Fe
3 Key plate, 8 19-Jun-01 40 HM142c RLAHA 70% Copper / 25 % Zinc some Fe, Pb, Sn
4 Key plate, 4 UkJun-01 40 HM142d RLAHA 69% Copper / 29 % Zinc + some Ag, Fe, Pb,
5 Mouthpiece receiver 19-Jun-01 40 HM142e RLAHA 64% Copper / 35 % Zinc + some Fe, Ni, Pb
6 Solder, join of chimney key 19^ Jun-01 40 HM142f RLAHA 80% Lead / 20 % Tin
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Instrument Number BH541
Instrument Name 
Maker's Name 
Section No.
BUGLE, 8-KEYED
Charles Pace Period
1 Bell
2 Garland
3 Key plate, 8
4  Key plate, 4
5 Mouthpiece receiver
6 Solder, join of chimney key 4
Weight percent­
er!
cn
Ag As Au Bi Cd C ii Co
1 0.00 tr 0.00 0.00 0.00 99.75 0.00
2 0.00 0.00 0.00 0.00 0.00 63.73 0.00
3 0.00 tr 0.00 0.00 0.00 70.83 tr
4 0.20 0.00 0.00 0.00 0.00 69.00 tr
5 tr 0.00 0.00 0.00 0.00 64.11 tr
6 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe
tr
0.12
0.76
0.28
0.10
0.00
Instrument I.D. 75
1834-1849 ChronoDate 1841
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.00 0.00 0.00 0.00 tr 0.00 0.00 99.75
0.00 0.00 tr 0.78 0.00 0.00 0.00 0.00 0.00 35.32 99.95
0.00 0.00 tr 1.71 0.00 0.00 0.00 0.83 0.00 25.60 99.73
0.00 0.00 0.00 1.42 0.00 0.00 0.00 tr 0.00 29.28 100.18
0.00 0.00 0.05 0.55 0.00 tr 0.00 tr 0.00 35.17 99.98
0.00 0.00 0.00 79.11 0.00 tr 0.00 20.88 0.00 0.00 99.99
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Ulapper key 
HM146c
Valve 2 tube 
HM146b
General view to left with points of analysis
HM146a
General view to right with point of analysis
Inscription HANDLEY’S IMPROVED No. 69
CHAS PACE 49 KING ST Detail valves with point of analysis
FIGURE F.61 3-VALVE CORNOPEAN BY CHARLES PACE ‘HANDLEY’S IMPROVED’. JOHN WEBB COLLECTION (JWNN1)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
Repairs
JWnnl
CORNOPEAN, 3-VALVE
John Webb 
Charles Pace Period
Instrument I.D. 80
1834-1849 Chrono Date 1841
Handley's Improved/ No.69/ CHAS PACE/ Sole Maker/ 49 King Street/Westminster
Instrument marked 'Handley's improved' with Chas Pace as sole maker. Initial B.J in a silver lozenge on the bell. Acquired by John Webb. William 
Huntington Handley (1815-1896) played the trumpet and Cornet a Piston. He belonged to Her Majesty's Band of the Coldstream Guards (Matthews 1985). 
Handley, as a player, probably proved and suggested minor changes to instruments and allowed his name to be used (see Pace invoice Figure 7.8).
Solder repairs to one tube, but not possible to get at with XRF.
Comments Bell, valve 2: direct method brass. Clapper keyplate: cementation brass. Finger button valve 3: paktong.
Section No. Section Date KV Number Location Summary
1 Bell 09-JUI-01 40 HM146a RLAHA 65 % Copper / 34 % Zinc + some Pb
2 Valve 2, tube 09-Jul-01 40 HM146b RLAHA 67 % Copper / 33 % Zinc + some Fe, Pb
3 Clapper key plate 09^ Jul-01 40 HM146C RLAHA 76 % Copper / 20 % Zinc / 2% Lead + some Fe, Ni, Sn
4 Valve 3, finger button 09-JuMD1 40 HM146d RLAHA 55 % Copper /12 % Nickel /30 % Zinc />1 % Iron + some Ag,
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Instrument Number JWnnl
Instrument Name 
Maker's Name 
Section No.
CORNOPEAN, 3-VALVE
Charles Pace Period
1 Bell
2 Valve 2, tube
3 Clapper key plate
4  Valve 3, finger button
Weight percent - Ag As
1 0.00 0.00
2 tr 0.00
3 tr tr
4 0.33 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
65.83 tr 0.00
66.84 0.00 0.07
76.54 0.00 0.32
54.69 0.15 1.26
Instrument I.D. 80
1834-1849 ChronoDate 1841
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 tr 0.45 0.00 0.00 0.00 0.00 0.00 33.71 99.99
0.00 0.00 0.00 0.35 0.00 0.00 0.00 0.00 0.00 32.81 100.07
0.00 0.00 0.05 1.95 0.00 0.00 0.00 0.56 0.00 20.18 99.60
0.00 0.00 12.27 0.26 0.00 0.00 0.00 1.06 0.00 29.97 99.99
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Clapper key plate 
HM160d
Valve 3 
Finger button 
HM 160e Valve 2 tube 
HM160c
General view to left with points of analysis General view *° nght wi,h P°in,s of analysis
Detail clapper key
FIGURE F.62 3-VALVE CORNOPEAN BY CHARLES PACE. CRISPIAN STEELE-PERKINS COLLECTION (CSP3)
Bell
HM160a
Garland
HM160b
Inscription IMPROVED BY CHAS PACE MUSICAL 
INSTRUMENT MAKER TO HER MAJESTY’S GUARDS
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
CSP3 Instrument I.D. 3
CORNOPEAN, 3-ST0LZEL VALVES
Crispian Steele - Perkins
Charles Pace Period 1834-1849 Chrono Date 1841
IMPROVED BY CHAS PACE/ Musical Instrument Maker/TO HER/ MAJESTY'S GUARDS/ 49 King Street, Westminster 
In collection Crispian Steele-Perkins.
Repairs All original except for C.S-P replacement stay at teardrop’.
Comments Bell, valve tube: direct method brass. Garland, finger button valve 3: german silver. Clapper keyplate: paktong
oioiO)
Section No. Section Date KV Number Location Summary
1 Bell 10-JUI-01 40 HM160a RLAHA 65 % Copper / 35 % Zinc + some Fe, Pb
2 Garland 10-Jul-01 40 HM160b RLAHA 60 % Copper /15 % Nickel / 25 % Zinc / 0.17 % Iron + some As, Co, Pb,
3 Valve 2, tube centre 10-Jul-01 40 HM160c RLAHA 70 % Copper / 30 % Zinc + some Fe
4 Valve 3, finger button 10-Jul-01 40 HM160e RLAHA 56 % Copper / 9 % Nickel / 33 % Zinc / 0.50 % Iron + some As, Co, Pb
5 Key, plate 10-Jul-OI 40 HM160d RLAHA 60 % Copper 712% Nickel / 26 % Zinc / 0.87 % Iron + some As, Co, Pb
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
5
CSP3 Instrument I.D.
CORNOPEAN, 3-STttLZEL VALVES
Charles Pace
Bell
Garland
Valve 2, tube centre 
Valve 3, finger button 
Key, plate
Period 1834-1849 Chrono Date 1841
Weight percent­
ercn
'v l
Ag As Au Bi Cd Cu Co Fo Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
1 0.00 0.00 0.00 0.00 0.00 64.35 0.00 0.15 0.00 0.00 0.00 0.28 0.00 0.00 0.00 0.00 0.00 35.18 99.96
2 tr 0.10 0.00 0.00 0.00 59.78 0.15 0.17 0.00 0.00 15.24 0.05 0.00 0.00 0.00 0.00 0.00 24.50 99.99
3 0.00 0.00 0.00 0.00 0.00 69.54 tr 0.24 0.00 0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 29.96 99.74
4 0.00 1.17 0.00 0.00 0.00 56.44 0.17 0.50 0.00 0.00 8.90 0.20 0.00 0.00 0.00 0.00 0.00 32.82 100.03
5 0.00 0.02 0.00 0.00 0.00 60.58 0.20 0.87 0.00 0.00 11.90 0.20 0.00 0.00 0.00 tr 0.00 26.00 99.77
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Bell
HM131a
Garland
Mouthpiece receiver 
HM131C
General view to left General view to right with points of analysis
Box for Bugle Inscription CHARLES PACE 49 KING ST
Mouthpiece
Mouthpiece
FIGURE F.63 BUGLE BY CHARLES PACE. FRANK TOMES COLLECTION M71LAS)
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Instrument Number
Instrument Name
Owner
Maker’s Name 
Maker's Inscription 
History
171LAS Instrument I.D.
BUGLE, 8-KEYED
Frank Tomes
Charles Pace Period 1834-1849
CHARLES-PACE/ MAKER/ 49 KING ST/WESTMINSTER 
In collection of Frank Tomes. Bought from Philips auction house.
79
Chrono Date 1841
Repairs Springs to keys have been replaced by steel, one brass one remains (info1 Frank Tomes).
Comments Beil & body: copper. Garland, mouthpiece receiver direct method brass. Keyplate 6, mouthpiece: cementation brass. Metal smiths tabs’ 30mm. In green
baize lined box, with crook and 2 tuning bits. Mouthpiece receiver is possibly a modern replacement.
Section No. Section Date KV Number Location Summary
1 Bell 05-Jun-01 40 HM131a RLAHA 100 % Copper + some Ag, As
2 Garland 05-Jun-01 40 HM131b RLAHA 63 % Copper / 36 % Zinc + some Co, Fe, Pb
3 Mouthpiece receiver 05-Jun-01 40 HM131c RLAHA 69% Copper/ 30% Zinc + some Fe
4 Key plate, 6 05-Jun-01 40 HM131e RLAHA 79 % Copper / 17 % Zinc / 2.28 % Lead + some Fe, Sn
5 Mouthpiece 05^ Jun-01 40 HM131d RLAHA 71 % Copper / 27 % Zinc + some Fe, Pb, Sn
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Instrument Number 171 LAS
Instrument Name 
Maker's Name 
Section No.
BUGLE, 8-KEYED
Charles Pace Period
1 Bell
2 Garland
3 Mouthpiece receiver
4 Key plate, 6
5 Mouthpiece
Weight percent - Ag As
1 0.16 0.30
2 tr 0.00
3 tr 0.00
4 tr 0.00
5 tr 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
99.55 0.00 0.00
63.19 0.03 0.18
69.04 0.00 0.09
79.39 tr 0.36
70.93 0.00 0.30
Instrument I.D. 79
1834-1849 ChronoDate 1841
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.01
0.00 0.00 tr 0.49 0.00 0.00 0.00 0.00 0.00 35.94 99.83
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 30.86 99.99
0.00 0.00 0.00 2.28 0.00 0.00 0.00 0.44 0.00 17.33 99.80
0.00 0.00 0.00 0.69 0.00 0.00 0.00 0.71 0.00 27.36 99.99
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*Valve 2 tube 
HM145C
vr/sro/Vf; \
General view to left with point of analysis
Inscription Cornopean No. 103 Improved
& Made by Charles Pace 49 King St _ 4 4 ,Front view with points of analysis
FIGURE F.64 3-VALVE CORNOPEAN BY CHARLES PACE, JOHN WEBB COLLECTION (JW5)
Key plate 
HM145f
Solder to chminey 
L HM 145e
Solder repair 
to valve 1 slide 
HM145d
Detail view of solder and key plate with points of analysis
Bell
HM145a
Garland
HM145b
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription
History
JW5 Instrument I.D.
CORNOPEAN, 3-STOLZEL VALVE
John Webb
Charles Pace Period 1834-1849
Cornopean/ No 103/ Improv’d & Made by/CHARLES PACE/ 49 King St, Westminster
Inscribed Cornopean No. 103. In collection John Webb.
81
Chrono Date 1841
Repairs
Comments
Dent in lower back bow tube - bad solder repair. Solder repair on valve slide between valve 1 and 2 and on valve 1 slide. Clapper key very clean 
brass - John Webb replacement.
Beil, garland, valve 2: direct method brass. Solder repair valve 1 slide: approx 2:1 lead/tin solder. Solder to key chimney: 3:1 lead/tin solder. 
Clapper keyplate: direct method brass - very clean. Widely spaced metal smiths tabs’. Each valve numbered 1, 2, 3, probably nickel brass.
oiO)NJ
on No. Section Date KV Number Location Summary
1 Bell 09-Jul-01 40 HM145a RLAHA 66 % Copper / 33% Zinc + some Co, Fe, Pb
2 Garland 09-Jul-01 40 HM145b RLAHA 66 % Copper / 34 % Zinc + some Co, Fe, Pb
3 Valve 2, tube 09-Jul-OI 40 HM145C RLAHA 68 % Copper/ 31 % Zinc + some Fe, Pb
4 Solder, repair to valve 1 slic 09-Jul-01 40 HM145d RLAHA 63 % Lead / 37 % Tin
5 Solder, to key chimney 09-Jul-01 40 HM145e RLAHA 75 % Lead / 25 % Tin
6 Key plate 09-Jul-01 40 HM145f RLAHA 66 % Copper / 34 % Zinc + some Fe
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
5
6
JW5
CORNOPEAN, 3-STOLZEL VALVE
Charles Pace
Bell
Garland 
Valve 2, tube
soiaer, repair to valve I slide 
Solder, to key chimney 
Key plate
Period
Instrument I.D.
1834-1849
81
Chrono Date 1841
Weight perce nt-
oi0>co
Ag As Au Bi Cd Cu Co Fe Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
1 0.00 0.00 0.00 0.00 0.00 66.07 0.02 0.13 0.00 0.00 0.00 0.96 0.00 0.00 0.00 tr 0.00 32.82 100.00
2 tr 0.00 0.00 0.00 0.00 65.74 0.02 0.09 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00 34.01 99.99
3 0.00 0.00 0.00 0.00 0.00 68.30 tr 0.12 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 31.49 100.00
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 62.71 0.00 tr 0.00 37.29 0.00 0.00 100.00
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 75.52 0.00 0.00 0.00 24.48 0.00 0.00 100.00
6 0.00 0.00 0.00 0.00 0.00 65.81 tr 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 34.19 100.07
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General view to left with points of analysis
Teardrop
HM148d
Valve 2 
HM148c
plate 
HM148g
Original box
General view to right with points of analysis crook 
tuning bits and mouthpiece
Detail valves with point of analysis and clapper key Inscription CHAS PACE 49 KING ST
FIGURE F.65 3-VALVE CORNOPEAN BY CHARLES PACE. JOHN WEBB COLLECTION (JWnn2)
HM148e
iGarland
lHM148b
Tuning slide
Bell
HM148a
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
JWnn2 Instrument I.D.
CORNOPEAN, 3-VALVE
John Webb
Charles Pace Period 1834-1849
IMPROVED/ & MADE BY/ CHAS PACE/ 49 KING ST/ WESTMINSTER
In collection John Webb.
82
Chrono Date 1841
Repairs
Comments
Tuning tube' teardrop’ is possibly a modern repiacment, the brass is a very clean 70:30 brass. Patch repair on lower back bow. Has been restored by 
John Webb, rest of the bits left in the box are oxidised.
Bell, Valve 2, tuning slide: direct method brass. Garland: could be paktong, Fe a bit low, but Zn high for german silver and the Cu:Zn:Ni ratio is 
better for paktong. However could be an unusual german silver. Finger button valve 1: again an unusual mix,closer to a paktong than german silver. 
Clapper key plate: Paktong about 1800-1820. An interesting piece where most of the white metal parts appear to be Chinese Paktong. In green painted 
wooden box with crook and tuning bits and mouthpiece.
Summary
iper / 35 % Zinc + some Fe.
•per/ 13% Nickel / 33% Zinc/0.28 % Iron + some Co, Pb 
•per / 34 % Zinc + some Fe
Iron + some As, Bi, Co, Sn
Section No. Section Date KV Number Location
1 Bell 09-Jul-01 40 HM148a RLAHA 65%
2 Garland 09-Jul-01 40 HM148b RLAHA 53%
3 Valve 2, tube 09-Jul-01 40 HM148C RLAHA 66%
4 Tuning slide teardrop' 09-Jul-01 40 HM148d RLAHA 70%
5 Tuning slide, after mouthpit 09-Jul-01 40 HM148e RLAHA 65%
6 Valve 3, finger button 09-Jul-01 40 HM148f RLAHA 64%
7 Clapper key plate 09-Jul-01 40 HM148g RLAHA 56%
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Instrument Number JWnn2
Instrument Name 
Maker's Name 
Section No.
CORNOPEAN, 3-VALVE
Charles Pace Period
1 Bell
2 Garland
3 Valve 2, tube
4 Tuning slide teardrop'
5 Tuning slide, after mouthpiece
6 Valve 3, finger button
7 Clapper key plate
Weight percent - Ag As
1 tr 0.00
2 0.00 0.00
3 0.00 0.00
4 0.00 0.00
5 0.00 0.00
6 0.00 1.10
7 tr 0.88
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.30 0.00
0.00 0.30 0.00
Cu Co Fe
64.45 tr 0.10
53.51 0.21 0.28
66.38 0.00 0.09
70.71 tr tr
65.19 0.02 0.14
63.77 0.24 0.94
55.86 0.28 0.77
Instrument I.D. 82
1834-1849 ChronoDate 1841
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 0.00 35.43 99.98
0.00 0.00 12.97 0.24 0.00 0.00 0.00 0.00 0.00 32.78 99.99
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 33.53 100.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 29.28 99.99
0.00 0.00 0.00 0.65 0.00 0.00 0.00 0.00 0.00 33,99 99,99
0.00 0.00 14.35 0.00 0.00 tr 0.00 0.41 0.00 19.61 100.72
0.00 0.00 12.82 0.30 0.00 0.00 0.00 0.41 0.00 28.97 100.59
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General view to left with points of analysis
Garland
HM158b
Inscription ‘ Improved & made by Chas Pace musical instrument 
maker to Her Majesty’s Guards, 49 King Street, Westminster.
HM158a
General view to right with points of analysis
FIGURE F.66 8-KEYED BUGLE BY CHARLES PACE, KNELLAR HALL (KH 146)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription
History
KH146 Instrument I.D. 87
BUGLE, 8-KEYED
Kneller Hall. Royal Militaiy School of Music Museum 
Charles Pace Period 1834-1849 Ch ran o Date 1841
IMPROVED & MADE BY/ Chas Pace/ Musical Instrument Maker/to Her Majesty's Guards/ 49 King St. Westminster 
In collection Kneller Hall.
Repairs Small solder patch to inside of tube. Badly scratched and therefore differentially tarnished due to a very abrasive clean
Comments Bell and body: copper. Garland: direct method brass. Keyplate 8: cementation brass. Metal smiths join - 25mm between labs'
cnO)oo
Section No. 
1 
2 
3
Section
Bell
Garland 
Key plate, 8
Date KV Number Location Summary
10-Jul-01 40 HM158a RLAHA 100% Copper
10-JUI-01 40 HM158b RLAHA 68 % Copper / 32 % Zinc + some Ni
10-Jul-01 40 HM158c RLAHA 77 % Copper / 21 % Zinc + some As, Fe, Pb, Sn
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
Weight percent-
1
2
3
KH146
BUGLE, 8-KEYED
Charles Pace Period
Bell
Garland 
Key plate, 8
Ag As Au Bi
tr tr 0.00 0.00
tr 0.00 0.00 0.00
tr 0.30 0.00 0.00
Cd Cu Co Fe
0.00 99.87 0.00 0.00
0.00 67.85 0.00 tr
0.00 77.19 tr 0.29
Instrument I.D. 87
1834-1849 ChronoDate 1841
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 99.87
0.00 0.00 0.11 0.25 0.00 0.00 0.00 0.00 0.00 31.89 100.10
0.00 0.00 0.00 0.80 0.00 0.00 0.00 0.62 0.00 20.74 99.94
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Garland 
AM820a
General view to left with points of analysis General view to right with points of analysis
Finger button 
HM 203f
Detail valves lnscriPtion CHAS PACE' 49 KING ST
FIGURE F.67 3-VALVE TRUMPET BY CHARLES PACE. HORNIMAN MUSEUM M4.5.47/199>
HM203a & 
AM820b
Tube
H M 203 b
Mouthpiece rece 
HM103d
Patch Bow 1
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
14.5.47/199 Instrument I.D.
TRUMPET, 3-STOLZEL VALVES
Horniman Museum, London 
Charles Pace Period 1834- 1849
CHAS PACE/ 49 KING ST/ WESTMINSTER
Originally part of Adam Carse Collection, donated to the Horniman Museum in 1948.
36
Chrono Date 1841
Repairs None obvious.
Comments
o i
Bell, garland: cementation brass. Tube: recycled brass high in Pb, probably direct method brass. Patch repair bow 1, mouthpiece receiver: direct 
method brass. Solder to valve 3 slide: 1:1 lead/tin solder. Finger button valve 3: possibly late paktong, buton cusp with german silver.
ion No. Section Date KV Number Location Summary
1 Garland 31-Dec-99 60 AM820A TOL 72% Copper /  28 % Zinc + some As, Fe, Pb
2 Bell 31-Dec-99 40 AM820B TOL 72% Copper / 27 % Zinc + some As, Fe, Pb
3 Bell (2) 17-Jun-02 40 HM203a RLAHA 71 % Copper/ 28 % Zinc + some Pb
4 Tube 17-Jun-02 40 HM203b RLAHA 65 % Copper /  34 % Zinc + some Fe, Pb
5 Patch repair, Bow 1 17-Jun-02 40 HM203C RLAHA 66 % Copper / 34 % Zinc + some Fe, Pb
6 Mouthpiece receiver, tube 17-Jun-02 40 HM203d RLAHA 68% Copper / 32%  Zinc
7 Solder, to valve slide 3 17-Jun-02 40 HM203e RLAHA 54 % Lead /  45 % Tin /1  % Arsenic
8 Finger button, valve 1 17^Jun-02 40 HM203f RLAHA 58% Copper/14% Nickel /26% Zinc 10 .23% Iron + As, Co, Pb
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Instrument Number 14.5.47/199 Instrument I.D. 36
Instrument Name 
Maker's Name 
Section No.
OI
■ ^ i
to
Weight percent -
TRUMPET, 3-STOLZEL VALVES
Charles Pace Period 1834- 1849 Chrono Date 1841
1 Garland
2 Bell
3 Bell (2)
4  Tube
5 Patch repair, Bow 1
6 Mouthpiece receiver, tube
7 Solder, to valve slide 3
8 Finger button, valve 1
Ag As Au Bi Cd Cu Co Fe Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
1 0.00 0.02 0.00 0.00 0.00 71.61 0.00 0.08 0.00 0.00 0.00 0.56 0.00 0.00 0.00 0.00 0.00 27.67 99.94
2 0.00 0.02 0.00 0.00 0.00 71.80 0.00 0.08 0.00 0.00 0.00 0.55 0.00 0.00 0.00 0.00 0.00 27.52 99.97
3 tr 0.00 0.00 0.00 0.00 71.47 tr 0.00 0.00 0.00 tr 0.37 0.00 0.00 0.00 0.00 0.00 28.15 99.99
4 0.00 0.00 0.00 0.00 0.00 65.11 0.00 0.10 0.00 0.00 tr 1.23 0.00 0.00 0.00 0.00 0.00 33.56 100.00
5 0.00 0.00 0.00 0.00 0.00 66.07 tr 0.08 0.00 0.00 0.00 0.24 0.00 0.00 0.00 tr 0.00 33.60 99.99
6 0.00 0.00 0.00 0.00 0.00 67.89 0.01 0.00 0.00 0.00 0.00 tr 0.00 0.00 0.00 tr 0.00 32.09 99.99
7 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 54.07 0.00 tr 0.00 44.93 0.00 0.00 100.00
8 tr 0.24 0.00 0.00 0.00 58.56 0.21 0.23 0.00 0.00 13.79 0.49 0.00 0.00 0.00 0.00 0.00 26.46 99.98
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AM822b
Garland
AM822a BeN
— Mouthpi ece 
AM822e
General view to left with points of analysis
Box with trumpet, crooks, tuning bits and mouthpiece
General view to right with point of analysis
Inscription CHAS PACE Musical Instrument Detail of valves and tuning sldies
Maker To Her Majesty’s Guards, 49 King St
maker
Tube
AM822c
Crook
AM822T
FIGURE F.68 2-VALVE TRUMPET WITH BOX AND PARTS. HORNIMAN MUSEUM (14.5.47/76)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription
History
14.5.47/76 Instrument I.D. 38
TRUMPET, 2-STbLZEL VALVES
Horniman Museum, London 
Charles Pace Period 1834- 1849 Chrano Date 1841
Improved & Made by/ CHAS PACE/ Musical Instrument Maker/TO HER MAJESTY’S GUARDS/ 49 King St Westminster
Originally part of Adam Carse Collection, donated to the Horniman Museum in 1948
Repairs None obvious.
Comments Bell and tubes: copper. Garland: silver. Tube: silver plated copper. Mouthpiece: silver plated brass. Crook (largest): possibly early direct method
brass. In its original box with crooks, tuning bits, mouthpiece. Apparently complete. (Horniman Museumrecords). Horniman Museum x-radiograph no: 
XR140,141.
tn
Section No. Section Date KV Number Location Summary
1 Garland 31-Dec-99 60 AM822A TOL 92 % Silver /  8 % Copper
2 Bell 31-Dec-99 60 AM822B TOL 100 % Copper + some As, Pb, Sb.Sn, Zn
3 Tubel, nearest mouthpiec 31-Dec-99 60 AM822C TOL 100 % Copper + some As, Pb, Sb, Sn, Zn.
4 Tube - central - white metal 31-Dec-99 60 AM822D TOL 78%  Silver / 22%  Copper
5 Mouthpiece 31-Dec-99 60 AM822E TOL 86%  Silver/ 11%  Copper/3% Zinc
6 Crook, largest, yellow mete 31-Dec-99 60 AM822F TOL 68 % Copper / 31 % Zinc + some As, Fe, Ni, Pb, Sn
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Instrument Number 14.5.47/76 Instrument I.D. 38
Instrument Name 
Maker's Name 
Section No.
TRUMPET, 2-STOLZEL VALVES
Charles Pace
1 Garland
2 Bell
3 Tubel, nearest mouthpiece
4  Tube - central - white metal
5 Mouthpiece
6 Crook, largest, yellow metal
Period 1834- 1849 Chrono Date 1841
Weight percent- Ag As Au Bi Cd Cu Co Fe Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
1 92.09 0.00 0.00 0.00 0.00 7.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00
2 0.00 0.25 0.00 0.00 0.00 99.32 0.00 tr 0.00 0.00 0.00 0.09 0.00 0.08 0.00 0.05 0.00 0.18 99.97
3 0.00 0.16 0.00 0.00 0.00 99.33 0.00 tr 0.00 0.00 0.00 0.28 0.00 0.02 0.00 0.02 0.00 0.16 99.97
4 77.90 0.00 0.00 0.00 0.00 22.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00
5 86.00 0.00 0.00 0.00 0.00 10.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.24 100.00
6 0.00 0.04 0.00 0.00 0.00 67.93 0.00 0.14 0.00 0.00 0.06 0.78 0.00 tr 0.00 0.44 0.00 30.60 99.99
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1 5 .1 0 .4 8 /  2 0 6
HM117a
Key plate 5
Mouthpiece 
HMl17g v Garland
HM117b
Mouthpiece receiver 
HM117e,
'Crook
HM117h
Brazing
HM117i
General view to left with points of analysis General view to right with points of analysis
Motto Nec Temere Nec Timide
Inscription CHAS PACE 49 King St 
FIGURE F.69 7-KEYED BUGLE BY CHARLES PACE. HORNIMAN MUSEUM (15.10.48/206)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
15.10.48/206 Instrument I.D. 65
BUGLE, 7-KEYED
Horniman Museum, London 
Charles Pace Period 1834-1849
IMPROVED/ & MADE BY/ CHAS PACE/ 49 KING ST/ WESTMINSTER
Chrono Date 1841
Part of the collection of Percy A. Bull, acquired by the Homiman Museum in 1948. The Badge & motto is very common, consequently it has not been 
possible to identify the owner, although it is possibly a family crest rather than a military one (Eagle rising within a garter. Nec temere, nec 
timide) Mottoes & Badges W.S.W. Anson, or, A Dictionary of Heraldry by Charles Norton Elvin)
Repairs None obvious.
Comments Bell and body: copper. Mouthpiece: possibly cementation brass, but Pb high so ould be re-cycled direct method brass. Garland: Paktong? Keyplate 5,
keyplate 3: paktong - late phase 1800-1820. Mouthpiece receiver: Fe high, but very clean possibly early german silver. Crook: paktong. Brazing: 
approx 1.5:1 copper/zinc mix.
Section No. Section Date KV Number Location Summary
1 Bell 23-Apr-01 40 HM117a RLAHA 100% Copper
2 Garland 23-Apr-01 40 HM117b RLAHA 60 % Copper / 13 % Nickel / 25 % Zinc /  0.32 % Iron + Some Ce, Pb
3 Key plate, 5 23-Apr-01 40 HM117c RLAHA 55 % Copper /1 3  % Nickel /  30 % Zinc / 0.97 % Iron + some Ag, As, Co, Sn.
4 Bell tube 23-Apr-01 40 HM117d RLAHA 99 % Copper + some Ag, Ni, Pb
5 Mouthpiece receiver 23-Apr-01 40 HM117e RLAHA 58% Copper /1 3  % Nickel / 28 % Zinc / 0.44 % Iron + some Co,
6 Key plate, 3 23-Apr-01 40 HM117f RLAHA 53 % Copper /1 2  % Nickel / 31 % Zinc / 0.80 % Iron + some Ag, As ,Co ,P b , Sn
7 Mouthpiece, shank 23-Apr-01 40 HM117g RLAHA 72 % Copper / 26 % Zinc + some Ag, Fe, Ni, Pb
8 Crook, white metal 23-Apr-01 40 HM117h RLAHA 61 % Copper /11%  Nickel / 26 % Zinc / 0.67 % Iron + some Co, Pb.
9 Brazing, seam to bell 23-Apr-01 40 HM117i RLAHA 60 % Copper / 38 % Zinc + some Co, Fe, Pb
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Instrument Number 15.10.48/206
Instrument Name BUGLE, 7-KEYED
Maker's Name Charles Pace Period
Section No.
1 Bell
2 Garland
3 Key plate, 5
4  Bell tube
5 Mouthpiece receiver
6  Key plate, 3
7 Mouthpiece, shank
8 Crook, white metal
9 Brazing, seam to bell
Weight percent - Ag As Au Bi Cd Cu Co Fe
1 tr 0.00 0.00 0.00 0.00 99.83 0.00 tr
2 0.00 0.00 0.00 0.00 0.00 60.58 0.05 0.32
3 0.38 0.48 0.00 0.00 0.00 55.12 0.26 0.97
4 0.18 tr 0.00 0.00 0.00 98.76 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 58.48 0.10 0.44
6 0.40 0.43 0.00 0.00 0.00 52.67 0.24 0.80
7 0.16 0.00 0.00 0.00 0.00 71.66 tr 0.30
8 tr 0.00 0.00 0.00 0.00 61.29 0.12 0.67
9 0.00 tr 0.00 0.00 0.00 59.79 0.02 0.09
Instrument I.D. 65
1834-1849 ChronoDate 1841
Mg Mn Ni Pb S Sb Sf Sn Ti Zn Total
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 99.83
0.00 0.00 12.76 1.48 0.00 0.00 0.00 0.00 0.00 24.80 99.99
0.00 0.00 12.50 0.00 0.00 0.00 0.00 0.70 0.00 29.59 100.00
0.00 0.00 0.08 0.81 0.00 0.00 0.00 0.00 0.00 0.00 99.83
0.00 0.00 12.57 0.00 0.00 0.00 0.00 0.00 0.00 28.41 100.00
0.00 0.00 12.12 1.40 0.00 0.00 0.00 0.80 0.00 31.14 100.00
0.00 0.00 0.06 1.78 0.00 0.00 0.00 0.00 0.00 26.03 99.99
0.00 0.00 11.32 1.05 0.00 0.00 0.00 0.00 0.00 25.56 100.01
0.00 0.00 0.00 1.46 0.00 0.00 0.00 0.00 0.00 38.41 99.77
APPENDIX 
F: THE 
MUSICAL 
INSTRUMENTS 
WITH 
THEIR 
FULL 
ANALYSES
579
F118577B
F118582B
Tube (valve 3)
Garland
r
F118583B
Detail valves and clapper key Detail valves and caps Inscription CHAS PACE, 49 KING ST
General view to left with points of analysis General view to right with points of analysis
Valve 3 Cap
Valve 3 sleeve 
F118584B
Ferrule to valve 3 
F118581B
Replacement
clappe r key
F118579B
FIGURE F.70 3-VALVE CORNOPEAN BY CHARLES PACE, EUCHMI (1136)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
1136 Instrument I.D.
CORNOPEAN, 3-ST&LZEL VALVES
Edinburgh University Collection Historic Musical Instruments (EUCHMI) 
Charles Pace Period 1834-1849
IMPROVED/ & MADE BY/ CHAS PACE/ 49 KING ST/ WESTMINSTER
69
Chrono Date 1841
Bought by Arnold Myers from Roy Michelburgh (died c.1984), who ran a piano and instrument business in Bristol, and had a museum on the top floor. On 
Loan to EUCHMI.(Arnold Myers)
Repairs
Comments
1982: clapper key replaced to match, by Wilson, a craftsman metalworker in Edinburgh. 1986: Light surface clean and wax. CAMacgregor (Scottish 
Museums Council)
Bell and body, valve 3 tube: copper. Clapper key: Nickel alloy - replaced by Mr Wilson a craftsperson of Edinburgh who was instructed by Arnold Myer 
to make sure it matched. Garland: could be late paktong or early german silver. Ferrule to valve 3, valve3 cap, valve 3 sleeve: german silver. Has 
its own velvet lined wooden box with 5 crooks and a tuning bit.
Section No. Section Date KV Number Location Summary
1 Bell 15-NOV-99 50 F118577B NMS 99 % Copper + some As, Pb
2 Tube 15-NOV-99 50 F118578B NMS 99 % Copper + some As, Pb
3 Clapper key (replacement) 15-NOV-99 50 F118579B NMS 16 % Copper / 80 % Nickel /  .55 % Zinc + some Ag
4 Garland 15-Nov-99 50 F118580B NMS 71 % Copper / 10 % Nickel / 16 % Zinc / .58 % Iron + some As, Pb
5 Ferrule (to valve 3) 15-NOV-99 50 F118581B NMS 59 % Copper /1 4  % Nickel /  26 % Zinc / 0.17 % Iron + some Pb.
6 Tube (valve 3 capsule) 15-NOV-99 50 F118582B NMS 99% Copper + some As, Ni, Pb
7 Valve 3, cap 15-NOV-99 50 F118583B NMS 67 % Copper / 1 1 % Nickel / 22 % Zinc / 0.16 % Iron + some Pb
8 Valve, 3, sleeve 15-NOV-99 50 F118584B NMS 59 % Copper /14  % Nickel / 26 % Zinc /  0.13 Iron + some As, Pb
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1136 Instrument I.D. 69
CORNOPEAN, 3-STOLZEL VALVES
Charles Pace Period 1834-1849 Chrono Date 1841
Bell
Tube
Clapper key (replacement) 
Garland
Ferrule (to valve 3)
Tube (valve 3 capsule) 
Valve 3, cap 
Valve, 3, sleeve
Ag As Au Bi Cd Cu Co Fe Mg Mn NI Pb S Sb Si Sn Ti Zn Total
tr 0.20 0.00 0.00 0.00 99.36 0.00 0.00 0.00 0.00 tr 0.24 0.00 0.00 0.00 0.00 0.00 0.00 99.80
tr 0.09 0.00 0.00 0.00 99.44 0.00 0.00 0.00 0.00 0.09 0.27 0.00 0.00 0.00 0.00 0.00 0.00 99.89
1.99 0.00 0.00 0.00 0.76 16.46 0.00 0.00 0.00 0.00 80.08 0.00 0.00 0.00 0.00 tr 0.00 0.55 99.84
tr 0.51 0.00 0.00 0.00 71.41 0.00 0.58 0.00 0.00 9.87 1.00 0.00 0.00 o.oo 0.00 0.00 16.46 99.83
0.00 0.00 0.00 0.00 0.00 58.81 0.00 0.17 0.00 0.00 13.92 0.42 0.00 0.00 0.00 0.00 0.00 26.58 99.90
tr 0.33 0.00 0.00 0.00 99.18 0.00 0.00 0.00 0.00 0.14 0.21 0.00 0.00 0.00 0.00 0.00 0.00 99.86
0.00 0.00 0.00 0.00 0.00 66.99 0.00 0.16 0.00 0.00 10.70 0.37 0.00 0.00 0.00 0.00 0.00 21.74 99.96
0.00 0.37 0.00 0.00 0.00 58.88 0.00 0.13 0.00 0.00 13.89 0.39 0.00 0.00 0.00 0.00 0.00 26.25 99.91
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Ball
HM137e
Bell
HM137a
Yard, 2 
HM137c
Ferrule.
HM137d
Garland
HM137b
General view to left with points of analysis General view to right with points of analysis
Detail slide mechanism, ferrules and bell Inscription Charles Pace 49 King St Westminster
FIGURE F.71 SLIDE TRUMPET BY CHARLES PACE, BOOSEY & HAWKES COLLECTION (BH612)
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Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
BH612 Instrument I.D. 71
TRUMPET, SLIDE, CLOCK SPRING
Boosey & Hawkes
Charles Pace Period 1834-1849 Chrono Date
Made by/ CHARLES PACE/ 49 King St Westminster
In Museum collection of Boosey & Hawkes. Made for Scots Fusilier Guards (inscription on bell) - no records survive of this transaction.
1841
Repairs None obvious. Broken at bell rim and dented. ? Patch on second bow. Some steel screw replacements
Comments Bell, yard 2: direct method brass. Garland, ferrule, ball: possibly late paktong > 1830. Bell inscribed Scots Fusilier Guards - no records survive of 
this transaction.
cnooco
Section No. Section Date KV Number Location Summary
1 Bell 18-Jun-01 40 HM137a RLAHA 63 % Copper / 36 % Zinc + SOME Fe, Pb
2 Garland 1&-Jun-01 40 HM137b RLAHA 65 % Copper /1 8  % Nickel /1 6  % Zinc / 0.36 % Iron + some Co, Pb
3 Tube, yard 2 18-Jun-01 40 HM137c RLAHA 65 % Copper / 35 % Zinc + some Fe, Pb
4 Ferrule, between first bow I 18-Jun-01 40 HM137d RLAHA 64 % Copper /1 8  % Nickel /1 7  % Zinc / 0.34 % Iron + some As, Co, Pb
5 Ball 18-Jun-01 40 HM137e RLAHA 50 % Copper /1 2  % Nickel / 36 % Zinc / 0.39 % Iron + some As, Fe, Pb
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
5
BH612 Instrument I.D.
TRUMPET, SLIDE, CLOCK SPRING
Charles Pace
Bell
Garland 
Tube, yard 2
Ferrule, between first bow & yard 2 
Ball
Period 1834-1849
71
Chrono Date 1841
Weight percent­
er
CD
Ag As Au Bi Cd Cu Co Fe Mg Mn NI Pb S Sb Si Sn Ti Zn Total
1 tr 0.00 0.00 0.00 0.00 63.62 0.00 0.12 0.00 0.00 0.00 0.23 0.00 0.00 0.00 0.00 0.00 36.00 99.97
2 tr tr 0.00 0.00 0.00 64.92 0.34 0.36 0.00 0.00 18.11 0.21 0.00 0.00 0.00 0.00 0.00 15.82 99.76
3 tr 0.00 0.00 0.00 0.00 64.57 tr 0.14 0.00 0.00 0.00 0.17 0.00 0.00 0.00 0.00 0.00 35.09 99.97
4 0.00 0.10 0.00 0.00 0.00 64.32 0.33 0.34 0.00 0.00 17.73 0.10 0.00 0.00 0.00 0.00 0.00 17.09 100.01
5 0.00 0.50 0.00 0.00 0.00 50.80 0.18 0.39 0.00 0.00 12.41 0.20 0.00 0.00 0.00 tr 0.00 35.59 100.07
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Key plate 7 
F118609B
Gartand Bell
F118611B F118608B
General view to left with points of analysis
cnoo
cn
Crook
F118614
Brazing 
crook 
F118620
Mouthpiece receiver 
Crook ferrule F118610B 
F11I
General view to right with points of analysis
Detail copper smiths join with brazing
Wl - j J • W rnmJ a
j / p i n :  a m
m Detail key plates with Pace ‘arrow’
Inscription CHAS PACE, 49 KING ST 
FIGURE F.72 8-KEYED BUGLE BY CHARLES PACE. EUCHMI (3024)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker’s Inscription
History
3024 Instrument I.D. 68
BUGLE, 8-KEYED
Edinburgh University Collection Historic Musical Instruments (EUCHMI)
Charles Pace Period 1834-1849 Chrono Date
IMPROVED/ & MADE BY/ CHAS PACE/ 49 KING ST/WESTMINSTER
Acquired c.1990 by Arnold Myers from Crispian Steele-Perkins. On loan to the EUCHMI. (EUCHMI catalogue 1997 Part H, Fascicle i, 81).
1842
Repairs Good condition - several replacement screws to keys
Comments Bell and body, crook: copper. Keyplate 7: cementation brass. Garland, mouthpiece receiver, crook ferrule: direct method brass. Brazing to bell and 
crook: low zinc mixture. Copper smiths 'nips' = 20mm. Modern mouthpiece 3025 'Model Gisborne’ reflected inthe analysis as a very clean direct method 
brass.
ion No. Section Date KV Number Location Summary
1 Bell 15-N0V-99 50 F118608B NMS 100 % Copper + some As, Pb
2 Key plate, 7 15-Nov-99 50 F118609B NMS 76% Copper /  21 % Zinc + some As, Fe, Pb, Sn
3 Mouthpiece receiver 15-NOV-99 50 F118610B NMS 67 % Copper / 32 % Zinc + some Pb
4 Garland 15-Nov-99 50 F118611B NMS 67 % Copper / 32 % Zinc + some Fe, Pb
5 Brazing, inside bell 15-Nov-99 50 F118612B NMS 97 % Copper / 2.48 % Zinc + some As, Pb
e Crook, ferrule, yellow metal 15-Nov-99 50 F118613B NMS 70%  Copper / 30%  Zinc
7 Crook - coppery area 15-NOV-99 50 F118614B NMS 100% Copper
8 Brazing, crook 15-NOV-99 50 F118620B NMS 99% Copper /1  % Zinc + some As
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
5
6
7
8
Weight percent -
3024
BUGLE, 8-KEYED
Charles Pace Period
Bell
Key plate, 7 
Mouthpiece receiver 
Garland
Brazing
Crook, ferrule, yellow metal
Crook - 
Brazing
inside bell
coppery area 
, crook
Ag As Au Bi Cd Cu Co Fe
1 tr 0.31 0.00 0.00 0.00 99.39 0.00 0.00
2 tr 0.29 0.00 0.00 0.00 76.10 0.00 0.28
3 0.00 0.00 0.00 0.00 tr 67.07 0.00 0.00
4 0.00 0.00 0.00 0.00 0.00 67.32 0.00 0.18
5 tr 0.37 0.00 0.00 0.00 96.71 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00 70.57 0.00 0.00
7 0.00 0.59 0.00 0.00 0.00 99.22 0.00 0.00
8 tr 0.76 0.00 0.00 0.00 98.34 0.00 0.00
Instrument I.D. 68
1834-1849 ChronoDate 1842
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.17 0.00 0.00 0.00 0.00 0.00 0.00 99.87
0.00 0.00 0.00 1.96 0.00 0.00 0.00 0.45 0.00 20.79 99.87
0.00 0.00 0.00 0.41 0.00 0.00 0.00 0.00 0.00 32.39 99.87
0.00 0.00 0.00 0.55 0.00 0.00 o.oo 0.00 0.00 31.92 99.97
0.00 0.00 0.00 0.26 0.00 0.00 0.00 tr 0.00 2.48 99.82
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 29.36 99.93
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 99.81
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.73 99.83
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HM120a
F118586B
Garland
Tube 1 
HM120d
F118589B
HM120b
F118593B
General view to left with points of analysis General view to right with points of analysis
Mouthpiece 
receiver 
HM120e 
F118590B
Solder to 
chimney 
F118594B
HM120C
HM120g'
F118588B
Valve 3 Case 
F118587B
Clapper key
(ami) 
(plate)
Detail valves and clapper key Inscription CHAS PACE, 49 KING ST
Fitted box with crooks and tuning bits
FIGURE F.73 3-VALVE CORNOPEAN BY CHARLES PACE. EUCHMI (2485)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
Repairs
2485 Instrument I.D. 67
CORNOPEAN, 3-STOLZEL VALVES
Edinburgh University Collection Historic Musical Instruments (EUCHMI) 
Charles Pace Period 1834-1849
IMPROVED/ & MADE BY/ CHAS PACE/49 KING ST/ WESTMINSTER
Chrono Date 1845
Formerly stock of Messrs J. and R. Glen, who were local bagpipe makers. C.1980 A.Ross last owner of the Company died and the Company closed. The 
Cornopean was bought from his widow by Arnold Myers and placed on loan to the EUCHMI.The original silver bound box to the Cornopean has an inscribed 
silver plate with the owners name Mr J. Maxwell of Baillieston.
Instrument has been restored at some time.
Comments Bell, tube, tube 1 : direct method brass. Clapper key: paktong. Valve 3 case, valve 2 case, mouthpiece receiver, plate to crook: paktong c. 1800-1820. 
Garland: paktong possibly pre-1800. Solder to clapper key 2:1 lead/tin solder (low in antimony).
Section No. Section Date KV Number Location
1 Bell (1) 15-NOV-99 50 F118586B NMS 67%
2 Valve, 3, case (1) 15-NOV-99 50 F118587B NMS 65%
3 Clapper key (arm) 15-NOV-99 50 F118588B NMS 57%
4 Tube 15-Nov-99 50 F118589B NMS 67%
5 Mouthpiece receiver, shanh 15-NOV-99 50 F118590B NMS 61 %
6 Solder, between bell & mou 15-NOV-99 50 F118591B NMS 60%
7 Garland (1) 15-NOV-99 50 F118593B NMS 58%
8 Solder, to clapper key 15-NOV-99 50 F118594B NMS 66%
9 Crook, inscribed plate 15-NOV-99 50 F118595B NMS 60%
10 Bell (2) 23-Apr-01 40 HM120a RLAHA 67%
11 Garland (2) 23-Apr-01 40 HM120b RLAHA 56%
12 Valve 2, case 23-Apr-02 40 HM120C RLAHA 63%
13 Tube 1 23-Apr-01 40 HM120d RLAHA 66%
14 Mouthpiece receiver (2) 23-Apr-01 40 HM120e RLAHA 58%
15 Key plate 23-Apr-01 40 HM120f RLAHA 55%
16 Valve 3, case (2) 23-Apr-01 40 HM120g RLAHA 63%
Summary
Iron + some Pb, Sn
Nickel / 28% Zinc 1.67 % Iron + some As, Pb
Nickel / 26 % Zinc / .50 % Iron + some Co,
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
5
6
7
8
9
10
Weight percent-
3
4
5
6
7
8
9
10 
11 
12
13
14
15
16
2485 Instrument I.D. 67
CORNOPEAN, 3-ST&LZEL VALVES
Charles Pace Period 1834-1849 ChronoDate 1845
Bell (1)
Valve, 3, case (1)
Clapper key (arm)
Tube
Mouthpiece receiver, shank
Solder, between bell & mouthpiece receiver
Garland (1)
Solder, to clapper key 
Crook, inscribed plate 
Bell (2)
11 Garland (2)
12 Valve 2, case
13 Tube 1
14 Mouthpiece receiver (2)
15 Key plate
16 Valve 3, case (2)
Ag As Au Bi Cd Cu Co Fe Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.21 0.00 0.00 0.00 67.11 0.00 tr 0.00 0.00 tr 0.47 0.00 0.00 0.00 0.00 0.00 31.99 99.78
0.00 0.23 0.00 0.00 0.00 64.65 0.00 0.51 0.00 0.00 8.67 0.95 0.00 0.00 0.00 tr 0.00 24.77 99.78
tr tr 0.00 0.00 0.00 56.76 0.00 1.23 0.00 0.00 10.46 0.99 0.00 tr 0.00 1.34 0.00 29.00 99.78
0.00 0.00 0.00 0.00 0.00 67.05 0.00 tr 0.00 0.00 0.00 0.44 0.00 0.00 0.00 0.00 0.00 32.32 99.81
0.00 0.46 0.00 0.00 0.00 61.03 0.00 0.67 0.00 0.00 9.71 0.34 0.00 0.00 0.00 0.00 0.00 27.73 99.94
0.00 0.00 0.00 0.00 0.00 59.84 0.00 0.13 0.00 0.00 0.11 2.79 0.00 0.00 0.00 0.24 0.00 36.86 99.97
0.00 0.00 0.00 0.00 0.00 58.21 0.00 0.39 0.00 0.00 11.02 0.31 0.00 0.00 0.00 0.00 0.00 29.99 99.92
0.00 0.00 0.00 0.00 0.00 1.99 0.00 0.24 0.00 0.00 tr 66.00 0.00 0.99 0.00 29.38 0.00 1.34 99.94
tr 0.00 0.00 0.00 0.00 59.74 0.00 0.72 0.00 0.00 9.78 2.91 0.00 0.00 0.00 1.15 0.00 25.59 99.89
0.18 0.00 0.00 0.00 0.00 67.40 tr 0.14 0.00 0.00 tr 0.74 0.00 0.00 0.00 tr 0.00 31.53 99.99
0.00 0.00 0.00 0.00 0.00 55.90 0.06 0.19 0.00 0.00 10.78 0.00 0.00 0.00 0.00 0.00 0.00 33.06 99.99
tr tr 0.00 0.00 0.00 63.46 0.48 0.50 0.00 0.00 8.90 0.00 0.00 0.00 0.00 0.00 0.00 26.27 99.61
0.00 0.00 0.00 0.00 0.00 65.57 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 tr 0.00 34.33 100.00
tr tr 0.00 0.00 0.00 57.89 0.39 0.79 0.00 0.00 9.66 1.02 0.00 0.00 0.00 tr 0.00 29.72 99.47
0.20 tr 0.00 0.00 0.00 54.56 0.26 1.16 0.00 0.00 10.02 1.56 0.00 0.00 0.00 1.58 0.00 30.52 99.86
tr tr 0.00 0.00 0.00 63.25 0.49 0.53 0.00 0.00 8.85 0.00 0.00 0.00 0.00 tr 0.00 26.56 99.68
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HM133a
Valve, 1 
HM133d
Strip repair 
to bell
Detail repair to bell Detail solder rePair t0 back bow
Inscription ALBION CORNOPEAN
FIGURE F.74 CORNOPEAN BY CHARLES PACE AND SONS, FRANK TOMES COLLECTION (205CB)
General view to right with points of analysisGeneral view to left with points of analysis
Garland
Strip repair 
HM1
HM133b
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Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
205 CB Instrument I.D. 93
CORNOPEAN, 3-VALVE
Frank Tomes
Charles Pace & Sons Period 1847-1851 Chrono Date 1849
THE ALBION CORNOPEAN Registered/ 26 January 1847/ Invented by/Charles Matthew Pace Junr/ No 71/ Manufactured By/ Chas F
In private collection Frank Tomes. Bought from Roseberry’s auction house when at Crystal Palace, London.
oi(ON)
Repairs
Comments
Many patches and solder repairs to tubes and joints. Strip repair to bell (as bought by Frank Tomes).
Bell, valve 1, repair to bell: direct method brass. Garland: could be late cementation brass - re-used old metal. Metalsmiths labs' = 4mm
Section No. Section Date KV Number Location Summary
1 Bell 05-Jun-01 40 HM133a RLAHA 70 % Copper / 30 % Zinc + some Fe
2 Garland 05-Jun-01 40 HM133b RLAHA 75 % Copper / 24% Zinc + some As, Fe, Pb
3 Repair between garland & I 05-Jun-01 40 HM133C RLAHA 68 % Copper / 32 % Zinc + some Co, Fe
4 Valve 1, tube 05-Jun-01 40 HM133d RLAHA 73 % Copper / 27 % Zinc + some Fe
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Instrument Number 205 CB
Instrument Name 
Maker's Name 
Section No.
CORNOPEAN, 3-VALVE
Charles Pace & Sons Period
1 Bell
2 Garland
3 Repair between garland & bell
4  Valve 1, tube
Weight percent - Ag As
1 0.00 0.00
2 0.00 0.20
3 0.00 tr
4 0.00 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
70.62 tr 0.29
75.19 0.00 0.12
68.01 0.03 0.22
72.83 tr 0.16
Instrument I.D. 93
1847-1851 ChronoDate 1849
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 29.08 99.99
0.00 0.00 0.00 0.40 0.00 0.00 0.00 0.00 0.00 24.21 100.12
0.00 0.00 0.00 tr 0.00 0.00 0.00 tr 0.00 31.73 99.99
0.00 0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 26.98 99.97
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Garland
HM128n
Patch 
HM128h
Bell 
HM128m
Patch
HM128c
General view with points of analysis
U
Key plate 9
HM128e
Solder
HM1
Detail key plate 9
i
Inscription C.PACE & SONS
Key plate 11 
HM128d
Tube to bell 
HM128a
ube, 1 
HM128b
Key plate 4 
HM128
Key plate 6 
HM128i 
ey plate 6 arm 
HM128j
Butt 
M 128L
General view with points of analysis 
FIGURE F.75 OPHICLEIDE BY CHARLES PACE & SONS. FRANK TOMES COLLECTION (105LAS)
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Instrument Number
Instrument Nam e
Owner
Maker's Name 
Maker's Inscription 
History
105LAS Instrument I.D. 89
OPHICLEIDE, 11-KEYED
Frank Tomes
Charles Pace & Sons Period 1847-1852 Chrono Date 1850
Manufactured by/ C.PACE & SONS/ 49 King St/Westminster
In Frank Tomes collection. Frank Tomes says much used and loved instrument. Well worn and patched. Bought from Godfrey Kneller, bass trombonist.
Repairs
Comments
Many repairs to instrument to kep it in playing condition, as bought by Frank Tomes. The patches are mainly where the metal would have got worn by 
handling from playing (info’ Frank Tomes). The butt has been cast from the rough feel to the inner surface.
Keyplate 6, keyplate 4, keyplate 11, keyplate 9: cementation brass. Bell, bell pipe, garland, tube 1, patch to tube 1, patch to butt, patch to bell 
tube: direct method brass. Solder c.2:1 lead/tin solder. Metalsmiths tabs’ - 5mm
Section No. Section Date KV Number Location Summary
1 Tube, to bell 04-Jun-01 40 HM128a RLAHA 64 % Copper / 36 % Zinc + some Fe
2 Tube, 1 04-Jun-01 40 HM128b RLAHA 70%  Copper/ 30%  Zinc
3 Patch, Tube 1 04-Jun-01 40 HM128c RLAHA 63 % Copper / 37 % Zinc + some Co, Pb
4 Key plate, 11 04-Jun-01 40 HM128d RLAHA 74 % Copper /  22% Zinc / <2 % Lead + some Fe, Ni, Sn
5 Key plate, 9 04-Jun-01 40 HM128e RLAHA 72 % Copper /17%  Zinc / <4% Lead 15% Tin + some Co, Fe, Ni
6 Key 9, arm 04-Jun-01 40 HM128f RLAHA 73% Copper / 5 % Lead / 5 % S n /15 % Zn + some Co, Fe
7 Solder, repair to Key 9 arm 04-Jun-01 40 HM128g RLAHA 64% Lead / 36% Tin
8 Patch, on bell tube 04-Jun-01 40 HM128h RLAHA 63 % Copper /  37% Zinc + some Co, Fe
9 Key plate, 6 04-Jun-01 40 HM128i RLAHA 75 % Copper / 23 % Zinc /1 .3  % Lead + some As, Co, Fe, Sn
10 Key plate 6, arm 04-Jun-01 40 HM128j RLAHA 72 % Copper / 25 % Zinc /1 .2  % Lead + some Fe, Sn
11 Key plate, 4 04-Jun-01 40 HM128k RLAHA 72 % Copper/ 6 % Tin /  17 % Zinc/ 3% Lead + some As, Fe
12 Patch, to butt 04-Jun-01 40 HM128L RLAHA 69%  Copper/ 31%  Zinc + some Pb
13 Bell 04^Jun-01 40 HM128m RLAHA 65 % Copper / 35 % Zinc + some Fe, Ni
14 Garland 04^Jun-01 40 HM128n RLAHA 65%  Copper/ 35%  Zinc
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Instrument Number 105LAS
Instrument Name 
Maker's Name 
Section No.
Weight percent-
OPHICLEIDE, 11-KEYED
Charles Pace & Sons Period
1 Tube, to bell
2 Tube, 1
3 Patch, Tube 1
4  Key plate, 11
5 Key plate, 9
6 Key 9, arm
7 Solder, repair to Key 9 arm
8 Patch, on bell tube
9 Key plate, 6
10 Key plate 6, arm
Ag As
1 0.00 0.00
2 0.00 0.00
3 tr 0.00
4 tr tr
5 tr tr
6 0.00 0.00
7 0.00 0.00
8 0.00 0.00
9 tr 0.78
10 tr 0.00
11 tr 0.40
12 0.00 0.00
13 0.00 0.00
14 0.00 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
63.91 0.00 0.06
70.24 tr tr
62.71 0.02 tr
74.03 tr 0.61
72.10 0.03 1.07
73.31 0.03 0.92
0.00 0.00 0.00
63.26 0.02 0.15
74.63 0.03 0.46
71.69 0.00 0.40
72.29 0.00 1.06
68.86 0.00 0.00
64.72 tr 0.07
64.63 0.00 tr
Instrument I.D. 89
1847-1852 ChronoDate 1850
11 Key plate, 4
12 Patch, to butt
13 Bell
1 4  Garland
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 35.98 100.05
0.00 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00 29.42 99.99
0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 37.21 99.99
0.00 0.00 0.11 1.77 0.00 0.00 0.00 1.01 0.00 22.19 99.72
0.00 0.00 0.09 3.78 0.00 0.00 0.00 5.28 0.00 17.44 99.79
0.00 0.00 tr 5.40 0.00 0.00 0.00 5.29 0.00 15.03 99.98
0.00 0.00 0.00 63.61 0.00 0.00 0.00 36.38 0.00 0.00 99.99
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 36.56 99.99
0.00 0.00 0.00 1.24 0.00 0.00 0.00 0.78 0.00 22.86 100.78
0.00 0.00 tr 1.22 0.00 0.00 0.00 1.02 0.00 25.49 99.82
0.00 0.00 tr 2.92 0.00 0.00 0.00 5.77 0.00 17.56 100.00
0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 30.91 99.97
0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 35.16 100.04
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 35.36 99.99
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General view to left with points of analysis
Valve 2 finger button
F11860oB
Mouthpiece
F118607B
W
Valve 2 
F118606B
2
F118605B
F118598B
iarland
Music Holder
F118602B
Bell (yellow metal) 
F118597B
Bell
F118596B
Detail of bell
FIGURE F.76 3-VALVE ALBION CORNOPEAN CHARLES PACE AND SONS. SCOTTISH UNITED SERVICES MUSEUM (3225)
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Instrument Number 
Instrument Name 
Owner
Maker's Name 
Maker's Inscription 
History
3225 Instrument I.D. 88
CORNOPEAN, ALBION, 3-BERLIN TYPE VALVES
Scottish United Services Museum, Edinburgh
Charles Pace & Sons Period 1847-1852 ChronoDate 1850
The Albion Cornopean/ Registered/ 26th January 1847/ Invented by Charles Matthew Pace Jnr/ No.120/ Manufactured by/ Chas.Pace
Aquired by Scottish United Services Museum, based in Edinburgh Castle. On loan to the Edinburgh University Collection Historic Musical instruments 
(EUCHMI).
Repairs Repair to the stay between valves and tube
Comments Bell, Garland, tube, valve 2: silver plated direct method brass - evidence of about .1% mercury. Silver plated instrument which has worn away in many 
places, Music holder and finger button nickel brass.The silver plated brass mouthpiece is made by Boosey & Hawkes and not original to instrument 
although associated with it.
ion No. Section Date KV Number Location Summary
1 Bell (white metal) 15-Nov-99 40 F118596B NMS 6%  Silver/ 65%  Copper/ 30%  Zinc + some As, Mg
2 Bell - (yellow metal) 15-NOV-99 40 F118597B NMS 68% Copper / 31 % Zinc + some Ag, Fe
3 Music holder on bell 15-NOV-99 40 F118598B NMS 62 % Copper /1 0  % Nickel / 21 % Zinc / 3.0 % Silver + some As, Fe, Sn.
4 Tube (white metal) 15-NOV-99 40 F118600B NMS 14% Silver / 58 % Copper / 27 % Zinc + some As
5 Garland 15-NOV-99 40 F118602B NMS 5 % Silver / 65 % Copper /  29 % Zinc
6 Valve 2, finger button 15-Nov-99 40 F118604B NMS 58 % Copper /1 2  % Nickel / 27 % Zinc / 1 % Fe + some Ag, As, Sn
7 Valve 2, tube (yellow metaf 15-NOV-99 40 F118605B NMS 66 % Copper / 33 % Zinc + some Pb
8 Valve 2, tube (white metal) 15-NOV-99 40 F118606B NMS 65 % Copper / 33 % Zinc 12% Silver
9 Mouthpiece (3226) 15-NOV-99 40 F118607B NMS 95 % Silver- silver plated brass
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
5
6
7
8 
9
Weight perce nt-
1
2
3
4
5
6
7
8 
9
Instrument I.D. 88
VALVES
1847-1852 ChronoDate 1850
Bell (white metal)
Bell - (yellow metal)
Music holder on bell 
Tube (white metal)
Garland
Valve 2, finger button 
Valve 2, tube (yellow metal)
Valve 2, tube (white metal)
Mouthpiece (3226)
3225
CORNOPEAN, ALBION, 3-BERLIN TYPE
Charles Pace & Sons Period
Ag As Au Bi Cd Cu Co Fe Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
5.88 0.12 0.00 0.00 tr 62.50 0.00 tr 0.00 0.00 tr 0.42 0.00 tr 0.00 0.00 0.00 30.93 99.85
0.11 tr 0.00 0.00 0.00 68.17 0.00 0.11 0.00 0.00 tr 0.28 0.00 0.00 0.00 0.00 0.00 31.18 99.85
3.07 0.13 0.00 0.00 0.00 61.60 0.00 0.77 0.00 0.00 10.08 0.70 0.00 tr 0.00 2.27 0.00 21.32 99.94
13.75 0.17 0.00 0.00 tr 58.16 0.00 tr 0.00 0.00 0.00 0.99 0.00 tr 0.00 0.00 0.00 26.72 99.79
5.29 0.13 0.00 0.00 tr 65.07 0.00 0.09 0.00 0.00 tr 0.31 0.00 0.00 0.00 tr 0.00 29.01 99.90
0.15 0.72 0.00 0.00 0.00 57.93 0.00 1.01 0.00 0.00 11.69 0.72 0.00 tr 0.00 0.42 0.00 27.33 99.97
tr tr 0.00 0.00 0.00 66.34 0.00 tr 0.00 0.00 tr 0.31 0.00 0.00 0.00 0.00 0.00 33.15 99.80
1.86 tr 0.00 0.00 0.00 64.66 0.00 tr 0.00 0.00 tr 0.24 0.00 tr 0.00 tr 0.00 33.09 99.85
95.16 0.00 0.00 0.00 tr 1.62 0.00 1.00 0.00 0.00 0.00 0.31 0.00 0.00 0.00 1.15 0.00 1.70 100.94
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General view to left with points of analysis -  in original box
Mouthpiece
tube
HM129I
Valve, 3 slide 
HM129d
Tube, 1 HM129c
HM129&
HM129a
Garland
HM129b
Valve, 3 capcover
General view to right with points of analysis
Detail of valves with cap cover removed Inscription CHAS PACE AND SON
FIGURE F.77 3-VALVE CORNOPEAN BY CHARLES PACE AND SON* FRANK TOMES COLLECTION (239CB)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
239 CB Instrument I.D. 92
CORNOPEAN, ALBION, 3-VALVE
Frank Tomes
Charles Pace & Son Period 1852-1855 Chrano Date 1853
THE IMPROVED/ ALBION CORNOPEAN/ Invented by/ Chas Matthew Pace/ No. 210/ Manufactured by/ Chas Pace & Son/ 49 King S 
In collection Frank Tomes. Bought in 1990's from Garth Wile, collector, who bought it in a shop in Portsmouth (now closed).
Repairs None obvious.
Comments Bell, tube 1: direct method brass. Garland: nickel brass. Valve3 slide, valve 3 cap: german silver. Mouthpiece could be cementation brass, Pace 
family at end of their working life and using up old parts on this instrument. In its original box with crookand tuning bits
o>o
on No. Section Date KV Number Location Summary
1 Bell 05-Jun-01 40 HM129a RLAHA 67% Copper/ 33% Zinc
2 Garland 05-Jun-01 40 HM129b RLAHA 63 % Copper /14 % Nickel / 22 % Zinc + some Co, Fe
3 Tube 1 05-Jun-01 40 HM129c RLAHA 66% Copper/ 34% Zinc
4 Valve 3, slide 05-Jun-01 40 HM129d RLAHA 56 % Copper /11 % Nickel / 33 % Zinc + some Co
5 Valve 3, cover 05-Jun-01 40 HM129e RLAHA 61 % Copper /14 % Nickel / 25 % Zinc + some Co, Fe, Pb
6 Mouthpiece, tube 05-Jun-01 40 HM129f RLAHA 74% Copper/ 26% Zinc + some Fe
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4
5
6
239 CB
CORNOPEAN, ALBION, 3-VALVE
Charles Pace & Son
Bell
Garland 
Tube 1 
Valve 3, slide 
Valve 3, cover 
Mouthpiece, tube
Period
Instrument I.D.
1852-1855
92
Chrono Date 1853
Weight percent­
eror o
Ag As Au Bi Cd Cu Co Fe Mg Mn Ni Pb S Sb SI Sn Ti Zn Total
1 0.00 0.00 0.00 0.00 0.00 67.33 0.00 tr 0.00 0.00 0.00 tr 0.00 0.00 0.00 tr 0.00 32.57 99.90
2 tr 0.00 0.00 0.00 0.00 63.01 0.08 0.35 0.00 0.00 13.84 0.22 0.00 0.00 0.00 0.00 0.00 22.34 99.84
3 0.00 0.00 0.00 0.00 0.00 65.98 0.00 tr 0.00 0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 34.01 99.99
4 0.00 0.00 0.00 0.00 0.00 56.41 0.03 0.00 0.00 0.00 10.97 0.00 0.00 0.00 0.00 0.00 0.00 32.59 100.00
5 0.00 0.00 0.00 0.00 0.00 60.85 0.05 0.17 0.00 0.00 14.42 0.12 0.00 0.00 0.00 0.00 0.00 24.37 99.98
6 tr 0.00 0.00 0.00 0.00 73.53 0.00 0.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 tr 0.00 26.15 99.99
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General view to left Ferrule 2 
HM130q
Garland
HM130b
Mouthpiece receiver 
HM130d
Bell
HM130a
General view to right with points of analysis
Inscription CHARLES PACE & SON 8 ST JOHN ST
FIGURE F.78 BUGLE BY CHARLES PACE AND SON. FRANK TOMES COLLECTION (056CB)
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Instrument Number
Instrument Name
Owner
Maker’s Name 
Maker's Inscription
History
056 CB Instrument I.D. 94
BUGLE 
Frank Tomes
Charles Pace & Son Period 1857-1858 ChronoDate
MANUFACTURED BY/ [COAT OF ARMS]/ CHARLES PACE/ AND SON/ 8 ST JOHN ST WESTMINSTER
In collection Frank Tomes. Bought from a junk shop in Richmond (now closed).
1857
Repairs None obvious.
Comments Bell: copper. Garland, mouthpiece could be late cementation brass, old parts being used up by the Pace family. Ferrule 2, mouthpiece receiver: 
direct method brass. Metalsmiths tabs’ = 20mm
o>
2
Section No. Section Date KV Number Location
1 Bell 05-Jun-01 40 HM130a RLAHA 100% Copper
2 Garland 05-Jun-01 40 HM130b RLAHA 86% Copper/ 14%
3 Ferrule 2 05-Jun-01 40 HM130C RLAHA 66% Copper/ 34%
4 Mouthpiece receiver, tube 05-Jun-01 40 HM130d RLAHA 67 % Copper / 33 %
5 Mouthpiece 05-Jun-01 -4 HM130e RLAHA 74% Copper/ 26%
Summary
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Instrument Number 056 CB
Instrument Name 
Maker's Name 
Section No.
Weight perce nt-
BUGLE
Charles Pace & Son Period
1 Bell
2 Garland
3 Ferrule 2
4 Mouthpiece receiver, tube
5 Mouthpiece
Ag As Au
1 tr tr 0.00
2 0.00 0.00 0.00
3 0.00 0.00 0.00
4 tr 0.00 0.00
5 tr 0.00 0.00
Bi Cd Cu Co
0.00 0.00 99.71 0.00
0.00 0.00 85.71 0.00
0.00 0.00 66.04 tr
0.00 0.00 66.86 tr
0.00 0.00 73.57 0.00
Fe
0.00
0.00
0.07
0.15
tr
Instrument I.D. 94
1857-1858 ChronoDate 1857
Mg Mn Ni Pb s Sb Si Sn Ti Zn Total
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 99.71
0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 0.00 13.85 99.56
0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 33.87 100.05
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 33.11 100.12
0.00 0.00 tr 0.00 0.00 0.00 0.00 0.00 0.00 26.24 99.81
APPENDIX 
F: THE 
M
USICAL 
INSTRUM
ENTS 
W
ITH 
THEIR 
FULL 
A
N
A
LYSES
606
HM141g
Braze to bell 
HM141c
Key plate 3
Brazing to 
HM141b
General view to left with points of analysis
Mouthpiece
receiver
HM 141f
General view to right with 
FIGURE F.79 6-KEYED
Arm 
to key plate 6 
HM141e
Soldei
Detail front view with points of analysis
points of analysis Detail inscription Chas Pace & Son
BUGLE BY CHARLES PACE & SON. BOOSEY & HAWKES COLLECTION (BH542)
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Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
BH542 Instrument I.D.
BUGLE, 6-KEYED
Boosey & Hawkes 
Charles Pace & Son Period 1857-1858
Improved & Made by/ CHAS PACE & SON/ 8 John Street/ Westminster 
In Boosey & Hawkes collection. Exhibited in the Royal Military Exhibition No. 358
91
Chrono Date 1858
Repairs None obvious.
Comments Bell: copper. Keyplate 6, mouthpiece receiver, keyplate 3: cementation brass. Solder approx. 3: 1 lead/ tin solder. Metalsmiths ’nips' = 35mm. The 
Makers name plate looks as if it has been cut out of something else and then soldered onto the bell.
on No. Section Date KV Number Location
1 Bell 18-Jun-01 40 HM141a RLAHA 99%
2 Braze to tube 18-Jun-01 40 HM141b RLAHA 62%
3 Braze to bell 18-Jun-01 40 HM141C RLAHA 60%
4 Key plate, 6 18-Jun-01 40 HM141d RLAHA 73%
5 Key 6, arm 18^Jun-01 40 HM141e RLAHA 74%
6 Mouthpiece receiver, tube 18-Jun-01 40 HM141f RLAHA 72%
7 Key plate, 3 18-Jun-01 40 HM141g RLAHA 73%
8 Solder, to name plate 18-Jun-01 40 HM141h RLAHA 71%
Summary
i Tin + some Fe, Ni
i Zinc / 2 % Lead /1  % Tin + some Fe, Ni
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Instrument Number BH542
Instrument Name BUGLE, 6-KEYED
Maker's Name Charles Pace & Son Period
Section No.
1 Bell
2 Braze to tube
3 Braze to bell
4  Key plate, 6
5 Key 6, arm
6 Mouthpiece receiver, tube
7 Key plate, 3
8 Solder, to name plate
Weight percent - Ag A s
1 tr tr
2 0.00 tr
3 0.00 0.00
4 tr 0.00
5 0.00 0.00
6 tr 0.00
7 tr 0.00
8 0.00 0.00
Au Bi Cd
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
Cu Co Fe
99.47 0.00 tr
62.12 0.00 0.36
60.36 0.00 0.21
73.25 tr 0.37
74.06 tr 0.42
72.35 0.02 0.16
72.89 tr 0.43
0.00 0.00 0.00
Instrument I.D. 91
1857-1858 ChronoDate 1858
Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
0.00 0.00 0.10 0.12 0.00 0.00 0.00 0.00 0.00 0.00 99.69
0.00 0.00 tr 0.93 0.00 0.00 0.00 tr 0.00 36.31 99.72
0.00 0.00 0.00 0.95 0.00 0.00 0.00 0.00 0.00 38.48 100.00
0.00 0.00 0.25 1.43 0.00 0.00 0.00 0.97 0.00 23.59 99.86
0.00 0.00 0.30 1.18 0.00 0.00 0.00 1.39 0.00 22.42 99.77
0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 27.38 99.99
0.00 0.00 0.26 2.18 0.00 0.00 0.00 1.02 0.00 23.19 99.97
0.00 0.00 0.00 71.22 0.00 0.00 0.00 28.77 0.00 0.00 99.99
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Bell 
HI^I122c
T A  \Tj$
Tube (worn area) 
HM122a
Tube
General view to left with points of analysis
General view to right
FIGURE F.80 3-VALVE CORNOPEAN BY CHARLES PACE & SON. EUCHMl (4094)
Instrument Number
Instrument Name
Owner
Maker's Name 
Maker's Inscription 
History
4094 Instrument I.D.
CORNOPEAN, ALBION, 3-VALVE
Edinburgh University Collection Historic Musical Instruments (EUCHMI)
Charles Pace & Son Period 1857-1858 Chrono Date
THE ALBION CORNOPEAN/ CHAS PACE & SON/ MAKERS/ NO 8 ST JOHN ST/ WESTMINSTER
Bought at auction by the EUCHMI in 2001 (Info' Arnold Myers curator)
90
1858
Repairs None obvious.
Comments Silver plated instrument. Evidence of mercury. Differing thickness’ of the silver can be seen in the results, where the amount of brass being picked 
up varies. Tube: direct method brass
SummarySection No. Section Date KV Number Location
1 Tube, lower (worn area) 23-Apr-01 40 HM122a RLAHA 66%
2 Tube, lower (white metal) 23-Apr-01 40 HM122b RLAHA 15%
3 Bell (white metal) 23-Apr-01 40 HM122C RLAHA 65%
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Instrument Number 
Instrument Name 
Maker's Name 
Section No.
1
2
3
4094 Instrument I.D.
CORNOPEAN, ALBION, 3-VALVE
Charles Pace & Son Period 1857-1858
Tube, lower (worn area) 
Tube, lower (white metal) 
Bell (white metal)
90
Chrono Date 1858
Weight percent- Ag As Au Bi Cd Cu Co Fe Mg Mn Ni Pb S Sb Si Sn Ti Zn Total
o> 1 tr tr 0.00 0.00 0.00 65.79 0.00 0.10 0.00 0.00 tr 0.88 0.00 0.00 0.00 0.00 0.00 32.98 99.75
2 14.79 0.00 0.00 0.00 0.00 53.79 0.00 0.09 0.00 0.00 tr 0.91 0.00 0.00 0.00 0.00 0.00 31.33 100.91
3 64.66 0.00 0.00 0.00 0.00 21.58 0.00 0.00 0.00 0.00 0.00 0.85 0.00 0.00 0.00 0.00 0.00 12.89 99.98
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Instrument Number M 46-1992 Instrument I.D. 55
Instrument Name HORN, WEBB-HALSTEAD BOHEMIAN
Owner Horniman Museum, London
Maker's Name Andrew Taylor Period - Chrono Date 1992
Maker's Inscription
History Commissioned to be made for the Music Gallery in 1992. Made by Andrew Taylor to a design by John Webb, with advice from Tony Halstead, hom player.
It is patterned after a Bohemian hand hom by Stohr c. 1800. A video recording was made as the horn was constructed and played in the Music Gallery
until it was closed and demolished in 2000.The horn is now on display in the new Music Gallery opened in December 2002. The video is on laser disc 
in the Musical Instrument Section Archive.
Repairs None, as new.
Comments All brass. 70:30 modern direct method brass.
Section No. Section Date KV Number Location Summary
1 Bell 31-Dec-99 0 AM1038 TOL 70 % Copper / 30 % Zinc + some Fe
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Instrument Number M46-1992 Instrument I.D. 55
Instrument Name HORN, WEBB-HALSTEAD BOHEMIAN
Maker's Name Andrew Taylor Period - Chrono Date 1992
Section No.
1 Bell
Weight percent- Ag As Au Bi Cd Cu Co Fe Mg Mn Ni Pb S Sb SI Sn Ti Zn Total
1 0.00 0.00 0.00 0.00 0.00 69.54 0.00 0.10 0.00 0.00 0.00 tr 0.00 0.00 0.00 tr 0.00 30.25 99.89
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